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PUBLISHEBS'  ADVERTISEMENT. 


The  necessity  of  some  acquaintance  with  the  Natural  Sdenoes  is  now  so 
uuTersallj  admitted  in  all  thorough  education;  while  the  circle  of  facts  and 
prineiplea  embraced  in  the  study  has  enlarged  so  rapidly^  that  a  compendious 
Manual  like  &e  Book  of  Nature  cannot  &il  to  supply  a  want  frequently 
Mi  and  expressed  by  a  large  and  growing  class. 

The  r^utation  of  the  present  volume  in  England  and  Germany;  where 
repeated  editions  have  been  rapidly  called  for^  is  sufficient  proof  of  the  author's 
SQOoess  in  condensing  and  popularizing  the  principles  of  his  numerous 
aihjects.  The  publishers  therefore  would  merely  state  that,  in  reproducing 
the  work;  they  have  spared  no  pains  to  render  it  even  better  adapted  to  the 
American  student  It  has  been  passed  through  the  press  under  the  care  of 
a  competent  editor,  who  has  corrected  such  errors  as  had  escaped  the  attention 
of  the  Euglish  translator;  and  has  made  whatever  additions  appeared  neces- 
finy  to  bring  it  completely  on  a  level  with  the  ezistiug  state  of  science.  These 
will  be  found  principally  in  the  sections  on  Botany  and  Geology;  especially 
die  latter;  in  which  references  have  been  made  to  the  numerous  and  systematic 
Government  surveys  of  the  several  StateS;  and  the  whole  adapted  to  the 
nomenclature  and  systems  generally  used  in  this  country.  A  copious  Glossary 
has  also  been  appended;  and  numerous  additional  iUustrations  have  been 
introduced  wherever  the  elucidation  of  the  text  appeared  to  render  them 
desirable. 

It  is  therefore  confidently  presented  as  an  excellent  Manual  for  the 
ptiyate  student;  or  as  a  complete  and  thorough  Class-book  for  collegiate  and 
academical  use. 

naaddpMa^  Augtut  1858. 
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PREFACE  TO  THE  SECOND  ENGLISH  EDITION. 


In  prepariog  the  Second  Edition  of  the  Book  of  Nature,  I  have  incorpo- 
rated the  additions  and  improyements  introduced  by  the  Author  into  the 
Sixth  German  Edition,  which  has  been  reoentlj  issued  from  the  Press. 

In  the  section  on  Physics  a  more  convenient  arrangement  has  been  adopted; 
and  a  new  chapter  on  the  Mechanism  of  the  Clock  and  of  the  Flour-mill 
added. 

The' section  on  Astronomy  has  been  almost  entirely  re-written,  and  rendered 
more  uniform  in  language  and  style  of  treatment  with  the  rest  of  the  work. 

The  section  devoted  to  Chemistry  is  considerably  extended ;  and  a  new 
chapter  on  Organic  Radicals  introduced. 

In  revising  the  proof-sheets,  and  making  the  copious  Index,  I  have  received 
the  valuable  assistance  of  my  friends  Dr.  Philip  W.  Hofmann  and  Mr. 
Chables  Harwood  Clarke,,  to  whom  my  best  thanks  are  especially  due. 

H.  MEDLOCK. 

20  Great  Marlborough  Street, 
March  1853. 
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PBEFACE. 


b  the  present  rapidly  adTftDchig  state  of  sooiety^  the  stody  of  the  Natural 
tad  Phyaioal  Sciences  has  become  an  essential  braEch  of  a  liberal  edacation. 
The  adfantage  of  snch  pursuits  is  universal ;  for  all  men  are  partakers  of 
tin  bounties  of  Nature^  and  all  should  possess  some  knowledge  of  the  manifold 
operations  on  which  their  own  enjoyments,  and  even  their  existence,  depend. 

Enlarged  views  of  Nature  are  more  especially  requisite  for  those  who  watch 
GTer  the  progress  of  mental  development,  and  whose  object  and  duty  it  is  to 
direct  the  tendencies  of  the  progressive  spirit  of  the  age,  and  to  counteract 
ibe  evils  of  prejudiced  and  illiberal  views  either  of  Natural  or  of  Moral  Phe- 
nomena. H^nce  the  Artist  and  the  Philosopher,  the  Poet  and  the  Divine, 
Deed  a  deep  insight  into  Nature,  and  an  enlarged  apprehension  of  her 
economy  and  her  laws.  The  Manufacturer,  the  Husbandman,  and  the  Mer- 
diant,  whose  avocations  may  be  prosecuted  with  the  aid  of  a  knowledge  of 
tboee  branches  of  Natural  and  Physical  Science  which  are  indispensable  to 
tbdrspedal  pursuits,  are  likely  to  be  more  uniformly  successful  when  acting 
vpoQ  principles  derived  from  a  thorough  comprehension  of  the  relation  of 
Natore's  laws  to  one  another. 

It  may  hence  be  inferred  that  the  Natural  and  Physical  Sciences  are  of 
^  highest  importance  to  all  classes  of  the  community,  and  that  they  ought 
to  form  an  especial  branch  of  study  in  every  institution  devoted  to  the  instruc- 
tkm  of  youth. 

The  Author's  object  has  been  to  render  the  Book  of  Nature  a  Manual 
^  may  be  appropriately  placed  in  the  hands  of  pupils  in  all  educational 
institutions  where  the  importance  of  a  general  knowledge  of  the  Natural  and 
Hijacal  Sciences  is  recognised.  Founded  on  a  scientific  basis,  and  composed 
vith  simplicity  and  clearness,  it  presents  a  general  and  comprehensive  view 
«f  all  the  principal  branches  of  the  Natural  and  Physical  Sciences. 


7i  PBEFACE. 

The  composition  of  the  Tarions  sections  by  the  same  author  is  intended  to 
secure  the  advantage  of  a  uniformity  of  sl^le  and  treatment;  to  avoid  the 
repetition  of  numerous  general  statements ;  to  exclude  all  varying  and  con- 
tradictory views;  and^  finally,  to  avoid  all  inadequate  explanations  and 
expressions;  which  so  greatly  retard  the  progress  of  the  student  in  the  perusal 
of  scanty  outlines  of  the  several  sciences  composed  by  different  authors. 

The  estimation  in  which  the  Book  of  Natube  is  held  by  the  Germans, 
who  have  justly  been  styled  a  '^  Nation  of  Thinkers/'  is  testified  by  the  sale 
of  upwards  of  twenfy  thousand  copies  in  the  short  space  of  five  years,  and 
by  the  high  encomiums  of  some  of  the  most  eminent  Professors  of  the 
individual  branches  of  science  on  which  it  treats. 

The  work  has  received  many  new  illustrations,  some  of  them  original,  and 
others  copied  firom  Begnault's  Cown  Eldmentaire  de  Chxmie,  and  from  the 
Cours  EUmentaire  d'Eistoire  Natardhy  par  MM.  Milne-Edwards,  A.  de 
Jussieu  et  Beudant,  which  were  placed  at  my  disposal  by  the  Publishers, 
and  which  have  enhanced  its  beauty  and  usefulness. 

H.  MEDLOCK. 

Royal  College  of  Chemiairy,  London^ 
October  1861. 
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The  Book  of  Nature  has, 

for  thousnnds  of    yews,    been 

displayed  to  tbe  gaze,  tbe  adiui- 

nition,  Jjnd  the  delight  of  idoh- 

kind.      In   great   s^nd   gloriotii 

characters,  it  testifies  to  tbe 
wonderfdl  power  and  goodness  of  its  Divine  Author :  — even  the  meanest  or 
the  nncomeliest  thing  in  existence  declares  the  in^nite  wisdom  of  its  Creator. 
In  ail  times  and  in  all  places  man  has  sought  to  understand  the  language 
of  Nature ;  and  thousands  have  applied  themselvis  to  its  study  with  perse- 
verance; energy,  and  profound  attention.  The  exertions  of  the  most  intel- 
lectual and  ingenious  of  men  have  been  exercised  in  rendering  the  contents 
of  this  great  volume  intelligible  and  accessible  t6  those  who  seek  in  its 
wonderful  page  for  instruction  and  wisdom. 

These  labours,  however,  have  not  been  crowned  with  complete  success ; 
there  are  in  this  Book  still  many  marks  and  signs,  evpn  whole  pages,  which 
ve  do  not  understand,  which  appear  so  doubtful  or  obdpure,  that  we  can  only 
goeas  at  their  meaning,  or  conjecture  what  may  be  their  connexion  with  other 
portions  of  the  same  perfect  work. 

(18) 
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Bat  as  it  is  only  after  we  have  deciphered  the  separate  characters  that  we 
discover  the  meaning  of  an  ancient  inscription,  so  we  progressively  advance 
from  the  knowledge  of  individual  facts  and  simple  objects,  to  the  recognition 
and  comprehension  of  the  general  laws  of  Nature  on  which  they  depend. 

The  efforts  of  the  earlier  students  of  Nature  were  solitary,  interrupted,  and 
uncombined,  and  therefore  they  led  to  no  important  results.  A  subject  so 
full  of  marvel  and  mystery  can  only  be  succJsssfully  prosecuted  when  men 
are  in  the  possession  of  leisure,  and  when  they  enjoy  the  blessings  of  peace. 
But  these  circumstances  we  rarely  find  to  have  been  the  lot  of  the  learned 
and  the  wise,  the  distinguished  men  of  ancient  times.  In  the  history  of  the 
earlier  nations  and  empires  we  learn  that  the  few  who  directed  the  destinies 
of  the  people  at  large,  were  so  much  occupied  either  in  acquiring  or  in  ad- 
justing political  power,  that  only  a  limited  number  of  favoured  individuals, 
here  and  there,  had  leisure  to  cast  a  few  hasty  glances  on  Nature. 

People  were  then  fully  engaged  in  providing  for  their  mere  physical  wants; 
civil  order  had  to  be  established,  and  life  and  property  to  be  secured.  When 
wars  and  other  calamities  left  them  a  breathing-time,  this  was  chiefly  and 
necessarily  spent  in  the  performanceof  their  legislative  and  religious  functions. 

Hence  the  sciences  cultivated  in  the  more  ancient  times,  were  those  of 
civil  polity,  law  and,  religion ;  and  to  all  these,  but  especially  to  the  last,  the 
fine  arts  were  more  conducive  than  natural  science,  and  were  consequently 
more  successfully  cultivated. 

Our  sketch  of  the  progress  of  science  is  divided  into  that  of  the  earliest^ 
the  middle,  the  modem,  and  the  present  age. 

EARLIBST  AGES. 

The  ancients  were  content  to  use  and  to  enjoy  the  gifts  of  Nature,  but  had 
little  desire  to  know  their  causes  or  their  effects.  They  had  everything  to 
learn.  Their  usual  employmente  were  hunting  and  fishing,  and  to  these  were 
subsequently  added  the  tending  of  cattle  and  the  tillage  of  the  soil— occupations 
which  supplied  food  and  clothmg,  the  prime  necessaries  of  life.  Hence,  in 
consequence  of  their  daily  intercourse  with  Nature,  they  noticed  many  facts 
and  phenomena  which,  individually  and  collectively,  were  useful  to  their 
successors. 

The  Chinese  and  the  Egyptians,  who,  even  at  this  early  period,  had  formed 
themselves  into  well-organized  communities,  are  the  earliest  nations  among 
which  we  meet  with  a  large  amount  of  artistic  knowledge,  as  well  as  regula- 
tions which  evince  that  they  enjoyed  an  intimate  intercourse  with  Nature. 
Yet  both  of  these  nations  had  only  attained  to  intelligence  of  some  individual 
words  or  passages  of  this  Book ;  but  to  an  understanding  of  its  spirit  and 
unity,  or  even  to  an  intelligent  apprehension  of  its  less  obscure  chapters  and 
pages,  they  never  reached. 

MIDDLE  AQES. 

The  Greeks,  the  most  civilized  people  of  antiquity,  were  surrounded  by 
the  bounties  of  Nature,  which  almost  spontaneously  yielded  »p  to  them  all  the 
necessaries  of  life.  And  thus,  not  being  compelled  to  wrest  from  Nature  her 
treasures  by  incessant  labour  and  patient  attention,  they  entered  less  deeply 
into  her  mysteries  than  might  have  been  anticipated.  It  was  the  spirit  of 
Nature  collectively,  and  of  the  human  mind  specially,  that  formed  the  maiu 


iNTROPUcTiaar.  16 

objeeto  of  their  obeerratioii  and  refleotion ;  aod  tbwi  the  intelleetaal,  moral  and 
political  aeienoes  were  man  sueoeasfdllj  ooltivated  than  thoae  of  Nature. 

The  powerful  people  of  Rome  desired  only  conquest  and  dominion ;  their 
pindpal  oooupations  were  war  and  legislation ;  they  had  no  inclination  for 
aeienoe,  which  never  thrives  unless  embraced  with  love,  and  nursed  in  the 
1^  of  peace.  This  nation,  which  made  all  kingdoms  tributary  to  itself, 
nev^  dived  into  the  kingdom  of  Nature;  and  whilst  it  prescribed  laws  to 
all  people,  it  had  no  idea  of  the  eternal,  immutable  laws  of  Nature  which 
o?errule  ihe  transitory  laws  of  men.  , 

Aite  the  overthrow  of  the  great  {loman  Empire,  a  stormy  period  suc- 
ceeded. Prodigious  swarms  of  turbulent  people  forsook  their  rugged  homes, 
in  quest  of  new  and  more  congenial  (labitations.  These  brought  war  and 
desolatioa  in  their  train :  like  a  destrui^ive  flood,  they  destroyed  everything 
which  lay  in  their  track.  Art  and  science  bade  &rewell  to  Europe,  and  sought 
ud  fouiid  an  asylum  in  the  more  peaceful  countries  of  Asia.  While  Europe 
msi,  torn  to  pieces  by  savage  wars,  scie^e  was  cultivated  and  expanded  in 
Aia^na,  and  much  valuable  knowledge  was  brought  thence  by  the  Crusaders. 

MODERN  iGES. 

Both  the  external  and  internal  cirounHtances  of  Europe  became  gradually 
more  &voiirable  to  the  promotion  of  science  The  Christian  fiuth,  strengthened 
and  cemented  by  the  testimony  and  the  blood  of  martyrs,  united  the  nations 
in  defonoe  of  their  country  and  common  retgion,  assailed  by  the  irruptions  of 
foreign  barbarians.  The  Empire  of  Germaiy,  founded  on  the  ruins,  and  com- 
posed of  the  relics  of  Boman  power  and  civilization,  grew  up  into  a  perma- 
nent and  powerful  refuge  fi>r  art  and  soiend^.  Wars  and  warlike  expeditions 
were  still  frequent,  yet  in  the  seclusion  of  ^e  monastic  establishments,  and 
within  the  wtdk  of  strong,  fortified  cities,  s^ence  and  art,  trade  and  manu- 
&ctaresy  found  a  safe  abode,  and  were  cultiva)|Bd  with  energy  and  success.  As 
men  were  connected  by  the  bond  of  proximit^  and  interest,  their  wants  mul- 
tiplied aa  their  means  of  supplying  them  wem  increased ;  and  the  effects  of 
combination  and  concentration  were  a  more  abundant  supply  of  the  treasures 
of  Nature.  There  were,  besides,  other  causts  co-operating  in  the  ampler 
diffiifflon  of  natural  science.  The  discovery  of  printing  afforded  the  facility  of 
preserving  and  transmitting  every  invention,  exj^riment,  and  observation ;  and 
the  discovery  of  America  not  only  displayed  to  ,the  wondering  inhabitants  of 
Europe  a  multitude  of  curious  and  remarkable  objects,  which  not  merely  ex- 
cited their  curiosity,  but  enkindled  the  passionaite  desire  of  more  extensive 
discovery  and  more  accurate  examination.  la  England,  Scotland,  ttaly, 
i'rance,  and  (Germany,  they  founded  Universities,  establishments  in  which 
sU  the  sciences  were  sedulously  cultivated  by  the  fnost  distinguished  scholars 
of  that  age.  The  connexion  of  medical  and  physical  science  was  especially 
&T0«irable  to  the  promotion  of  the  latter,  which,  nom  the  earliest  ages,  has 
been  ccmsidered  as  the  sure  foundation  of  mediod  knowledge  and  practice. 

PRESENT  AGE.  ^ 

Armed  with  the  experience  of  the  past,  and  faVpured  by  a  lengthened 
duration  of  peace,  the  present  age  is  more  distinguisheJl  for  scientific  pursuits 
tbfl  any  former  period  of  the  world's  history.  The  more  important  nations 
of  Europe^  during  the  greater  part  of  half  a  century,  have  sheathed  their 


16  INTRODUCTION. 

swords,  80  loDg  drawn  against  themselves ',  and  England,  France,  and  Qer- 
manj  no  longer  emulate  each  other  in  the  bloody  works  of  destruction,  but 
striye  for  the  mastery  in  science,  arts,  and  manufactures. 

Many  of  the  most  eminent  and  ingenious  men  have  applied  themselves 
exclusively  to  the  study  of  Nature.  They  were  endowed  with  a  keen  peroep* 
tion  of  the  essential  importance  of  the  physical  sciences  in  philosophy,  me(ti* 
cine,  agriculture,  arboriculture,  and  manufactures.  Under  a  oomlnnation  of 
ikvourable  circumstances  and  of  associated  efforts,  science  has  lately  made 
gi^ntic  progress. 

In  Germany,  the  General  Association  of  Naturalists  was  first  established ; 
and  every  year  diey  meet  to  excite  and  encourage  each  other  in  their  labours 
to  extend  the  empire  of  science  and  the  love  and  knowledge  of  Nature.  The 
British  Association  for  the  Encouragement  of  Science  meets  annually  for 
similar  purposes.  From  neighbouring  nations,  and  even  from  the  most  dis- 
tant parts  of  the  world,  there  is  &  continual  intercourse  or  scientific  com- 
merce carried  on,  which  has  a  direct  tendency  to  awaken  the  energies  of 
men,  as  well  as  to  enlarge  their  knowledge  and  excite  their  curiosity. 

The  science  of  the  present  day  has  no  mysterious  secrets  which  she  care- 
fully or  churlishly  conceals ;  freely  and  generously  bubble  unceasingly  her 
fountains  for  every  one  who  approaches  her  with  the  noble  thirst  of  know- 
ledge. 

Happy  youths  of  the  present  age,  whose  cradle  was  rocked  under  the 
shadow  of  the  peaceful  olive,  take  advantage  of  the  favourable  circumstances 
of  the  time,  and  acquaint  yourselves  wit£  Nature !  For,  as  the  man  who 
learned  a  new  language  was  believed  by  the  ancients  to  become  possessed  of 
a  new  soul,  so  man  acquires  a  new  sense  with  the  acquisition  of  every  new 
branch  of  natural  science. 

"  Thus  NcUure  addresses  lerself  to  the  recognised,  the  misused,  and 
unJcnovm  senses  ;  thus,  ht/  thovmnds  of  phenomena,  she  ^peaJcs  vjiih  hersdf 
and  to  us;  to  the  attentive  listener  she  is  nowhere  dead,  never  silent'* 

With  these  words  of  Goethe,  we  recommend  to  your  acceptance  and 
study  The  Book  of  Nature. 
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By  the  term  Nature  we  understaiid  the  tenor  or  the  tmited  totalitjr  of  all 
that  can  be  peroeiyed  by  the  senses. 

y^e/ed  that  which  is  in  immediate  contact  with  our  own  bodies;  we  see 
vhatever  is  presented  to  the  eye,  whetiier  at  a  greater  or  a  less  distance ;  we 
hear  the  varieties  of  sound  aronnd  us ;  we  imdl  the  fragrance  of  the  flowers } 
and  we  taste  the  peculiar  savours  of  difierent  things. 

Our  senses  are  therefore  the  essential  media  between  mind  and  Nature. 
They  alone  give  information  to  the  mind  of  the  presence  of  that  which  is 
extonal  to  it ;  so  that  it  is  only  through. the  senses  that  the  mind  has  any 
eoBTiction  of  an  external  world.  \ 

It  is  impossible  for  the  mind  to  form  a  conception  of  any  one  part  of  Na- 
taie,  unkffi  it  be  perceptible  to  the  senses.  The  blind,  by  the  sense  of  touch, 
eu,  it  is  true,  form  a  conception  of  the  shape  of  an  object^  but  they  cannot 
liam  the  least  idea  of  the  different  colour»;  and  it  is  impossible  to  convey 
my  notion  of  this  by  more  description.  Blue  and  red  can  no  more  be  de- 
scribed than  can  a  sound  or  taste. 

Gonsecpi^itly,  if  the  mind  wishes  to  become  acquainted  with  Nature,  it 
mart  employ  the  senses  as  principal  guides )  it  must  despatch  these  its  serw 
Tants  into  the  unknown  domains  of  Nature,  and  form  its  conceptions  and 
ideaa  in  conformity  with  the  information  obiiined  through  the  means  of  the 
seaaes.  Futile  will  be  the  endeavours  of  tie  most  ingenious  mind,  which 
attoBpto  to  investigate  or  expound  Nature  eWier  as  a  mole  or  in  individual 
|wt8,  on  purely  reflective  or  lo^cal  principle.  We  must  refer  constantly 
to  the  evidence  of  our  senses :  for  the  histoiy  of  scientific  progress  clearly 
pKTFea  that  those  who  have  neglected  or  despised  the  guidance  of  their  senses, 
and  who  would  comprehend  Nature  on  purely  inteUectual  principles,  have 
be»  led  Birthest  astray.  \ 

lliough  we  justly  attach  a  high  importance  to  the  perception  of  the  senses 
m  the  investigation  of  Nature,  it  is  not  by  itselt  adequate  to  the  attainment 
of  this  knowledge.  The  child  and  the  imbecile^  as  well  as  the  savage,  are 
naeeptible  of  impressions,  yet  they  make  no  ad%ncement  in  the  knowledge 
of  Nature,  for  they  are  not  in  possession  of  a  coitespondingly-developcd  un- 
derstanding, which  alone  is  capable  of  rightly  apprehending  and  judging,  of 
vranging  and  comparing,  the  facts  communicated  tiirough  the  medium  of  the 
senses.  The  mind  alone  is  able  to  combine  the  different  observations,  and 
tkus,  conducted  by  the  senses,  to  obtain  a  deeper  insight  into  Nature. 

The  attentive  consideration  of  Nature  we  call  ohiervatioUy  and  to  observe 
lith  the  view  of  understanding  is  called  investigatim.  When  we  ourselves 
perform  certain  operations,  or  fulfil  certain  condition^  in  order  to  observe  an 
tppnrance  more  accurately,  or  so  that  we  may  be  ablp  to  repeat  or  continue 
&e  operation^  this  action  is  called  an  investigation  or  ^periment 

8. 

All  appearances  or  perceptions  do  not  make  an  equal  impression  on  our 
—     That  which  is  perceptible  at  once,  both  to  sigU  and  to  feeling,  is 
2 
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called  an  Olject,  Thos,  StoDes,  Plants,  and  Animals,  are  Objects.  That  we 
are  justified  in  classing  with  objects  the  atmosphere  and  the  heavenly  bodies, 
will  only  become  perfectly  clear  on  a  closer  acquaintance  with  Nature. 

On  the  other  hand,  we  Dame  Phenomena  all  such  appearances  as  are  of 
themselves  and  at  the  same  time,  perceptible  or  revealed  to  us  by  only  one  of 
our  senses.  Thus,  heat  is  apprehended  only  by  the  feeling,  light  by  the 
eye,  sound  by  the  ear ;  hence,  neat,  light,  and  sound  are  designated  by  the 
term  Natural  Phenomena, 

Certain  perceptions,  such  as  those  of  the  colour,  the  smell,  and  the  taste 
of  many  bodies,  are  usually  called  Properties, 

Objects  occupy  Space,  and  can  be  measured  and  compared ;  phenomena 
fill  up  a  portion  of  Time,  and  divide  it  by  their  succession,  and  repetition. 

Nature  is  therefore  revealed  in  objects  and  phenomena. 


If  we  attentively  consider  an  object,  we  are  sensible  that  it  does  not  always 
present  the  same  appearance.  Certain  changes  are  easily  perceptible.  Some- 
times it  changes  its  place,  sometimes  its  figure,  sometimes  its  colour ',  in  a 
word,  eveiy  object  is  to  be  seen  under  a  greater  or  less  striking  variety  of 
accidents  or  aspects. 

What  is  the  origin  or  foundation  of  these  appearances,  —  whence  arise 
these  mutations  to  which  objects  are  constantly  subject  ? 

We  will  endeavour  to  answer  this  question  by  an  example. 

There  lies  a  stone  on  the  ground.  Suppose  we  lay  hold  of  it  and  lift 
it  up. 

The  stone  by  this  action  evidently  changes  its  position,  and  we  perceive 
that  a  motion  is  communicated  to  it.  The  stone  is  the  Object,  and  the 
motion  is  the  PhenomenoH, 

What  now  was  the  ground  or  the  cause  of  this  phenomenon  of  motion  ? 

Nobody  will,  in  this  case,  doubt  that  it  was  the  will,  the  individual  act, 
which  by  the  laying  hold  of,  and  the  lifting  up  of  the  stone,  communicated 
the  motion,  and  caused  the  change  of  place. 

But  what  happens  if  we  now  leave  the  elevated  stone  to  itself,  by  opening 
and  withdrawing  the  hand  ?    Does  the  stone  retain  the  same  position  ? 

By  no  means,  it  remains  neither  suspended  nor  hovering  in  the  air;  bat 
the  moment  we  withdraw  tie  hand,  it  falls  to  the  ground. 

Moreover,  we  have  here  again  a  phenomenon  of  motion  which  is  certainly 
independent  of  our  will.  Ibr  if,  at  the  very  instant  the  stone  is  relinquished, 
we  express  the  most  decided  desire  for  its  remaining  where  we  leave  it,  it 
will  fall  to  the  ground  notwithstanding. 

It  is  indifferent,  as  experience  proves,  to  what  height  we  may  lift  up  the 
stone ;  under  similar  coaditions,  all  objects  will  manifest  the  same  pheno- 
menon. 

There  must  necessanly  be  a  cause  present,  which  produces  in  the  most 
dissimilar  objects  the  same  phenomenon  of  falling — a  cause  altogether  inde- 
pendent of  human  volition  —  a  cause  which  is  invisibly  united  to  every  ob- 
ject, and  belongs  to  its  existence. 

Such  a  cause  of  a  phenomenon  independent  of  human  will,  we  call  a  Forces 
or  Natural  Force,  For  example,  the  power  which  we  consider  as  the  cause 
of  the  falling  of  bodies,  is  called  Attraciion,  or  the  Force  of  Gravitation. 
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As  Natnre  exhibits  a  great  number  of  very  different  phenomena,  it  might 
easily  be  supposed  that  many  different  forces  are  constantly  active  in  pro- 
duciog  these  different  results. 

This,  however,  is  not  the  case.  Attentive  observation  has  proved  that  a 
angle  force  is  adequate  to  the  production  of  a  multitude  of  different  pheno- 
mena. It  is  probable  that,  taken  on  the  whole,  there  are  only  a  few  final 
eauses,  or  f<mses  in  exbtence,  whereby  all  the  phenomena  surrounding  us  are 
occasioned. 

In  the  observation  of  Nature,  we  have  therefore,  in  the  first  place,  to  com- 
prehend Oljedg,  and  the  Phenomena  which  they  manifest.  We  have  then 
to  aoeoont  for  the  Cau9e»  or  the  Forct»  which  produce  these  phenomena. 
The  complete  account  of  this  scientific  knowledge  we  call  the  Knowledge  of 
Nahsrcj  or  N<Uurdl  Science, 

5. 

Let  us  now  behold  Nature. 

The  most  suitable  means  of  attaining  tUs  end  will  be  to  take  a  walk,  and 
consider  well  whatever  presents  itself  to  our  senses.  We  directly  perceive 
Btany  and  very  various  objects.  The  fielda  and  commons  are  covered  with 
plants  and  grass;  the  distant  hills  are  dbwned  with  broom,  or  woods,  or 
forests.  In  the  vale  at  their  feet  the  sparkling  brook  glides  along,  while  in 
the  atmosphere  l^e  clouds  chase  each  othei  in  rapid  succession.  Complete 
Rst  and  stillness  are  nowhere  to  be  seen.  Heaves  rustle,  branches  wave,  the 
lowing  water  eddies  and  ripples,  everywhere  we  meet  with  the  most  varied 
Ibnns  of  animal  life  in  incessant  impulsive  ictivity.  What  a  multitude  of 
objects !  what  a  multiplicity  of  phenomenal  Where  shall  we  commence 
oar  research  ?  How  shall  we  comprehend  the  individual  object  in  the  con- 
stantly-moving panorama  of  Nature  ?  ^ 

Indeed  the  multitude  distracts  us :  we  feel  discouraged  in  our  efforts  to 
obtain  a  right  apprehension  of  what  we  behold ;  we  return  home  little  in- 
structed by  our  walk. 

Bat  even  here,  within  our  four  walls,  how  manifold  and  multiform  are  the 
c^ijects  capable  of  arresting  oar  attention !  The  warmth  radiating  from  the 
grate,  the  disappearance  of  the  wood  consumed  py  the  fire,  the  hissing  and 
onhbling  of  the  water  boiline  in  the  tea-urn — all^these  are  phenomena  which 
daim  our  observation.  What  remarkable  properties  are  exhibited  by  the 
glaas-fumishings  of  the  room !  Whilst  the  winc^w-panes  permit  unalt^ed 
the  appearance  of  external  objects,  our  spectacles  increase  their  apparent 
magoitude,  and  the  mirror  presents  a  faithful  likei^ess  of  ourselves. 

These  are,  in  truth,  things  which  we  daily  see,  a^d  with  which  every  one 
is  acquainted ;  but  if  we  inquire  into  the  proximate  causes  of  such  pheno- 
fteoa,  we  perceive  that  it  is  not  easy  to  extemporize'^  satisfiietory  solution. 

Hms  with  the  materials  and  objects  of  investigation,  we  are  always  and 
everywhere  supf^ied.  It  is  only  requisite  now  to  sKow  how  to  proceed  to 
attain  a  comprehension,  and  to  survey  Nature  in  her  i^ultiform  aspects  and 
Bkanifold  phenomena.  To  study  all  at  once  would  4e  impossible.  With 
this  view,  we  adopt  a  systematic  treatment  of  the  various  subjects,  making, 
the  soaeoees  foUow  one  another  ii}  a  natural  sequence.     ^ 
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6. 

Thus  then  we  are  under  the  necessity  of  subdividing  the  natural  sciences. 
It  is  not  possible  to  do  so  with  absolute  precision ;  for  though  certain  natural 
divisions  readily  present  themselves,  yet  in  the  richness  of  Nature  every 
subject  is  always  more  or  less  intimately  connected  with  every  other. 

It  is,  moreover,  difficult  to  afford  a  systematic  view  of  the  whole  Natural 
Sciences  to  one  who  is  totally  unacqoainted  with  their  details,  or  who  only 
knows  them  superficially ;  for  a  clear  comprehension  of  the  whole  can  only 
be  attained  by  him  who  knows  precisely  its  constituent  parts.  If,  notwith- 
standing, we  make  an  effort  to  divide  the  great  kingdom  of  Nature  into 
different  provinces,  it  is  chiefly  with  the  view  to  point  out  the  coarse  by 
which  we  mean  to  pursue  our  journey  through  it 

^  We  have  already  shown  that  Nature  is  revealed  partly  in  Ohjects,  and 
partly  in  Phenomena  ;  and  hence  the  entire  science  separates  itself  into  two 
primary  divisions  —  the  science  of  objects  and  the  science  of  phenomena. 


The  Science  o/ Objects,  which  is  commonly  termed  Natural  History, 
is  divided  into  three  parts  or  divisions.  The  principles  on  which  this 
division  is  founded  will  be  most  easily  rendered  intelligible  by  examples. 

From  the  thousands  of  objects  with  which  we  are  surrounded,  we  choose 
a  piece  of  Sandstone,  Chalk,  or  Granite;  and  pieces  of  Sulphur,  Coal, 
common  Potter's  clay,  white  Pipe-clay,  and  yellow  Tripoli. 

These  objects  arc  certainly  very  different  from  one  anothcY,  yet  they  pre- 
sent this  property  in  common,  that  every  one  of  them  is  homogeneous 
(similar)  in  its  whole  mass.  If  we  break  off  a  fragment  from  the  pieoa  of 
Sandstone,  or  Chalk,  or  Coal,  we  have  in  this  bit,  the  same  Sandstone,  the 
same  Coal,  the  same  Chalk,  oily  of  smaller  size.  We  can  thence  convey  to 
any  one  as  accurate  a  knowledge  of  the  essential  qualities  of  one  of  these 
bodies,  by  presenting  him  with  a  small  piece,  as  if  we  showed  him  an  entire 
mountain  of  it. 

In  none  of  these  objects  do  we  perceive  any  individual  portion  which 
exhibits  an  essential  difference  from  the  other  portions.  We  cannot  infer 
that  any  one  portion  is  more  necessary  to  the  existence  of  a  piece  of  sand- 
stone than  is  any  other,  or  that  the  one  particle  has  a  different  function  oi 
another  destination  than  the  other.  The  minutest  atom  of  chalk  adhering  to 
th^finger,  is  as  perfect  a  bit  of  chalk,  as  the  mass  of  this  substance  which 
constitutes  the  stratum  of  a  mountain. 

Even  the  Granite,  which  appears,  indeed,  to  be  a  composition  of  different 
materials,  forms  an  exception  rather  in  appearance  than  in  reality,  for  on  the 
whole  it  is  homogeneous.  As  will  be  shown  in  a  subsequent  part,  Granite  * 
is  a  uniform  mixture  of  Quartz,  Mica,  and  Felspar,  and  it  is  indifferent 
whether  it  be  only  of  the  size  of  a  cherry-stone,  or  of  as  ample  dimensions 
as  the  huge  Granite-block  which  supports  the  equestrian  statue  of  Peter  the 
Great,  or  of  the  still  greater  mass  that  forms  the  peaked  mountain  of  Goat- 
fell,  in  Arran.     All  tre  equally  perfect  pieces  of  Granite. 

ThttSf  therefore,  tJiere  are  objects  which  are  h^/mogeneotu  in  their  mass, 
a/nd  in  which  no  parts  specially  formed  for  q>ecial  purposes  can  be  distill 
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^ighed.  These  are  termed  MINER AXS,  and  that  branch  of  natural 
Kienee  which  treats  of  them  ta  called  MINERALOGY. 

The  case  is  altogether  different  if  we  submit  to  consideration  a  tree,  or  a 
shraby  or  even  a  flower,  a  leaf,  or  a  root. 

How  different  are  here  the  individual  parts  in  form,  colour,  and  density  ! 
It  is  easy  to  be  observed  that  the  peculiarly  formed  parts  of  a  tree  have  spe- 
cmI  functions  and  destinations ;  for  suppose  it  to  be  deprived  of  its  root,  its 
bark,  or  its  leaves,  we  soon  are  sensible  that  it  is  going  rapidly  to  decay. 
From  a  part  of  a  tree  we  can  form  no  tdequate  conception  of  it  as  a  whole, 
vhen  the  whole  is  previously  unknown  to  us. 

But  still  more  remarkable  is  that  whi^^h,  by  the  help  of  the  microscope,  we 
an  able  to  see  in  the  interior  of  the  roo^  the  bark,  and  the  leaves  of  a  tree. 
We  perceive  the  sap  it  contains  is  in  mdtion,  ascending  and  descending,  the 
fiquids  in  it  evaporating  or  being  assimiltted.  On  the  outside  of  the  tree, 
ihrub,  or  herb,  we  are  not  sensible  of  any* motion  communicated  from  within, 
or  occasioned  by  itself.  It  is  true  that  the  wind  shakes  the  branches  and 
top  of  the  oak,  but  of  itself,  not  even  a  single  leaflet  is  in  a  condition  to  move. 
The  wind  and  the  forester  scatter  its  seels  over  the  ground,  but  the  stem 
remains  immovably  fixed  where  it  first  took  root  in  the  soil. 

Objects  with  parts  specially  adapted  /or  certain  functional  purposes,  toithr 
out  ToluHtari/  external  movements,  are  tetmed  PLANTS,  and  the  science 
which  treats  of  tJiem,  BOTANY. 

There  is  still  another  group  of  objects  which  coincide  with  plants  in  being 
provided  with  peculiarly  constructed  parts,)  to  which  special  functions  are 
assigned,  and  in  possessing  an  internal  movimement,  but  which  are,  never- 
theless, not  plants. 

They  are  distinguished  from  plants  by  their^capability  of  voluntary  external 
iDovemente,  whereby  they  can  not  only  chan^  the  posture  and  attitude  of 
their  individual  parts,  but  they  can  move  from  one  place  to  another. 

Objects  endowed  with  specially  formed  pct^ts,  adapted  for  the  fulfilling 
of  certain  functions,  and  mmimmim  capable  •/  voluntary  external  motimi, 
are  called  ANIMALS,  and  the  science  which  treats  of  them  is  called 
ZOOLOGY. 

All  objects,  consequently,  are  either  similar  or  homogeneous,  like  mine- 
nls,  or  they  are  dissimilar  or  heterogeneous,  lil^  plants  and  animals.  The 
latter  have  peculiarly  constructed  parts,  adapted  for  certain  functional  pur- 
poses ;  these  parts  are  termed  Organs.  The  united  activity  of  all  the  organs 
of  a  plant  or  an  animal,  we  call  LifeQiViA  hen'te  plants  and  animals  are 
designated  animate  objects,  while  minerals  are  called  inanimate  objects) 

8. 

The  Science  of  Phenomena,  which  is  sometimes  termed  Physics,  or 
Natural  Philosophy,  is  also  divisible  into  three  ]^rts. 

We  are  taught  by  observation,  that  all  natural  pheiomena  form  three  pri- 
mary groups  or  divisions,  each  one  distinguished  by  f^uliar  characteristics. 
These  we  will  now  render  comprehensible  by  examplei. 

If  we  strike  a  bell  with  a  hammer,  we  hear  a  sound.  >  The  same  will  take 
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place  on  the  drawing  of  a  bow  across  tightened  strings.  A  lens  of  polished 
glass  apparently  enlarges  the  magnitude  of  eveiy  object  viewed  through  it : 
with  the  same  lens  we  can  intercept  and  concentrate  the  sun's  rajs  into  a 
focus  or  point,  and  thereby  kindle  any  combustible  object  ^  in  every  body 
elevated  above  the  surface  of  the  earth  and  then  relinquished,  we  observe 
the  phenomenon  of  falling ;  by  the  drawn  bowstring  we  can  communicate  a 
swift  motion  to  the  arrow;  the  water  which  we  heat  is  changed  into  steam; 
and  when  the  steam  is  cooled,  it  again  becomes  water. 

Thus  we  produce  very  different  phenomena, — soundj  magnifying  effect^ 
combustion,  falling  J  motion^  and  ihe  formation  of  steam. 

Though  these  phenomena  differ  greatly,  they  have  still  something  in  com- 
mon :  all  objects  in  which  they  are  made  to  appear,  or  by  which  they  are 
produced,  undergo  no  essential  change  in  consequence. 

The  sounding-bell  and  the  string,  the  burning-glass,  the  falling  stone,  and 
the  bow-string,  all  remain  unchanged.  Even  the  water,  which  has  been 
converted  into  steam,  resumes  its  original  condition  whenever  the  tempera- 
ture is  reduced  sufficiently  to  admit  of  another  change,  without  its  suffering 
the  least  alteration  of  its  essential  qualities. 

The  heavenly  bodies  and  their  motions  are  also  phenomena  for  our  present 
consideration  :  accompanied  as  they  are  by  no  perceptible  change,  they  are 
arranged  among  the  above-mentbned  phenomena. 

Phenomena  without  essential  change  of  the  objects  contributing  thereto 
are  termed  PHYSICAL  phenomena,  and  the  science  which  treats  of  these 
is  called  PHYSICS,  or  Natural  Philosophy. 

The  case,  however,  is  totally  different  with  another  series  of  phenomena 
which  we  have  next  to  consider. 

When  we  burn  a  piece  of  coal,  of  wood,  or  of  sulphur;  the  coal,  the 
wood,  and  the  sulphur,  entirely  disappear.  They  pass  into  another  condi- 
tion, having  entirely  lost  their  former  properties.  When  sand  and  potash 
are  mixed  together  and  exposed  to  strong  and  continued  heat,  both  bodies 
melt  together  and  become  ^lass;  in  which  new  combination  the  original 
materials  cannot  be  perceived.  Still  more  striking  is  it  when  sulphur  and 
mercury  are  heated  together.  Both  substances  entirely  disappear,  and 
instead  of  the  yellow  sulphur  and  the  shining  silvery  mercury,  we  obtain 
the  beautiful  red  vermilion.  Of  similar  examples,  thousands  could  be 
given,  wherein  the  objects  which  we  select  for  the  production  of  such  phe- 
nomena experience  an  essential  change,  and  in  their  place  objects  appear 
with  totally  different  qualities. 

Phenomena  accompanied  with  essential  change  of  the  objects  applied 
thereto  are  called  CHEMICAL  PHENOMENA,  and  Hie  science  which  treats 
of  thorny  CHEMISTRY. 

Finally,  we  have  regaining  a  third  group  pf  peculiar  phenomena,  called 
vital  phenomena,  because  they  only  appear  in  naiwiate  objects,  viz.,  in  plants, 
and  animals.  These  are,  for  example,  their  growth,  the  motion  of  the  dif- 
ferent fluids  in  their  interior  parts,  the  reception  and  appropriation  of  the 
nourishing  media,  &c    ^,     , 

The  pJienomena  of  animmtod  objects  are  called  PHYSIOLOGICAL 
PHENOMENA,  and  the  science  which  treats  of  them,  PHYSIOLOGY. 
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TAtUar  View  of  ike  fareffomff  Diffitions  of  the  entire  auhfeet  of  Katural  Scienee, 
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9. 

The  sequence  or  order  in  which  these  jifferent  branches  of  natural  scienee 
lie  to  be  pursaed  is  not  a  matter  of  indiference.  For  sach  as  are  of  riper 
jevs  and  ezperieoce,  the  most  advantageous  course  is,  in  the  first  place,  to 
acquire  a  knowledge  of  general  phenomeca  and  their  laws,  which  are  almost 
incessantly  repeated  by  nearly  every  object.  It  is  easier  and  more  agreeable 
to  the  developed  understanding  to  survey,  in  the  first  place,  the  great  outlines 
and  general  principles,  rather  than  labour  at  the  comprehension  of  many 
^Eimilar  individual  forms.  In  this  case  tie  most  suitable  plan  of  study  is 
to  beg^  with  Physics  and  Astronomy ,  to  be  succeeded  by  Chemistry  and 
Mineralogy  as  their  indispensable  complement.  These  four  sciences  contain 
the  fondamental  knowledge  necessary  to  \he  thorough  comprehension  of 
animal  and  vegetable  life.  Then  follow  Botany  and  &ology,  of  which  Phy^ 
mtogy  is  generally  reckoned  a  branch ;  unl^  it  be  intended  to  handle  that 
8ob)eot  mxx^  profoundly  and  with  higher  scimtific  aims. 

This  is  the  arrangement  adopted  in  Thb  Book  of  Naturb,  with  the 
express  intention  of  making  every  earlier  div^on  more  or  less  introductory 
to  that  which  follows. 

Another  course  must,  however,  be  followed,  if  it  be  wished  to  initiate  the 
young  into  the  knowledge  of  Nature.  The  clild  more  easily  comprehends 
the  relations  of  external  forma,  the  magnitude  <f  objects,  their  qualities,  and 
ether  characteristics,  than  he  does  the  forces  aid  the  laws  whereby  pheno- 
mena are  regulated.  On  these  branches  it  is  difficult  for  a  child  to  acquire 
just  notions,  or  even  clear  perceptions. 

With  children,  we  may  first  begin  to  direct  thnr  attention  to  the  animal 
kingdom ;  and  of  all  animals  insects  ofier  the  rithest  and  most  interesting 
materials,  which  may  everywhere  and  at  all  seasois  be  obtained  in  the  living 
^te.  When  they  become  more  expert  in  obse^in^  and  comprehending, 
with  advancing  age  and  frequent  practice,  they  miy  be  introduced  through 
the  vegetable  to  the  mineral  kingdom. 

The  study  of  physics  and  chemistry  cannot  usc^y  be  undertaken  with 
advantage  earlier  than  the  age  of  fifteen. 

In  ^si/^j  a  repeated  survey  will  complete  the  wholepicture  of  Nature,  and 
Bake  it  appear  in  that  intimate  connexion  which  we  ^ught  not  materially  to 
denmge.  But  every  teacher  may  choose  his  own  way^  if  he  be  only  able  to 
walk  securely  himself,  to  awaken  the  desire  for  the  s^idy,  and  to  preserve 
tlie  zeal  of  his  pupils. 

AM  waysy  (heny  tend  to  the  $am>e  end,  hut  he  who  v>mld  reach  the  end 
mttt  not  cmid  the  way. 
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"Thoa  haft  ordered  all  thioffi  in  measore  and  nomb^  and  weiirht.  for  thoa  canst  ihow 
Tbf  creax  itrength  at  all  times  when  thou  wdt,  and  wboiiiay  withstand  the  power  of  Thine 
amr— lVuiiiMiiQ^SDtoiiiOfi,xi.  20,2L  | 

1.  Physics  is  that  branch  of  Nataral  ScieDce  nfcioh  treats  of  such  phenomena 
la  are  anaccompanied  bj  any  important  chants  in  the  objects  in  which  the 
phenomena  are  observed,  or  which  serve  for  tb^ir  production. 

Such  phenomena  as  these  are  —  the  falling  <f  a  stone,  the  sounding  of  a 
bell,  or  the  magnifying  effect  of  spectacles,  as  tie  objects  by  which  they  are 
produced  undergo  no  change.  As  little  do  the  lays  of  light  affect  a  window- 
pane  as  they  pass  through  it;  and  even  heat  produces  only  a  temporary  change 
in  the  condition  of  bodies. 

In  distinguishing  physical  phenomena  an  appai^nt  difficulty  can  only  arise 
vhen  they  occur  simultaneously  with  other  phenomena. 

The  heat  disengaged  in  the  combustion  of  coal  b^ongs  to  the  physical  class 
of  phenomena,  while  the  metamorphosis  which  th^  coal  undergoes  must  be 
daased  under  the  head  of  chemical  phenomena. 

2.  Man,  from  his  earliest  ^e,  by  observation,  b^  the  eye,  the  sense  of 
touch,  and  still  more  distinctly  hy  the  motion  of  his  Wly  from  one  place  to 
iDother,  arrives  at  a  conception  of  the  relative  position  if  surrounding  objects^ 
or,  in  other  words,  at  the  idea  of  m.agnitude  or  form,  \ 

It  is  not  the  sense  of  vision  alone  that  endows  him  yith  this  conception. 
A  young  child  as  often  grasps  at  distant  objects^  at  the  lioon  for  instance,  as 
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it  does  at  those  within  its  reach.  A  person  bom  blind^  who  acquires  his 
sense  of  vision  by  operation  only,  in  after  years,  is  unable  at  first  to  judge 
by  the  eye  either  of  distance  or  of  magnitude.  All  objects  appear  to  him 
equally  distant,  and  he  is  incapable  of  judging  of  their  size.  It  is  only  by 
moving  about  and  feeling  the  objects  which  are  visible,  that  he  is  enabled  to 
distinguish  between  vicinity  and  distance,  or  to  recognise  a  difference  in  size. 
It  is  to  the  habit  of  observing  from  our  early  youth  with  both  senses,  that  we 
are  indebted  for  our  ability  of  judging  correctly^  with  the  eye  Heme,  of  mag- 
nitude and  distance. 

Experience  also  teaches  us  that  magnitude  may  be  followed  out  in  three 
directions,  which  we  distinguish  by  the  terms  Lefngih,  Breadth^  and  Depth. 

That  which  is  conceived  as  extending  in  three  directions  is  Space.  As  we 
can  imagine  either  of  these  three  ilirections  to  be  carried  out  ad  infinitum, 
we  may  likewise  define  space  as  the  infinite  universe  surrounding  us.  It  is, 
however,  much  more  easy  for  us  to  form  a  conception  of  any  limited  space 
than  of  the  illimitable  expanse  of  Heaven. 

3.  In  like  manner  every  man  is  endowed  unconsciously  with  a  conception 
of  Number,  by  the  variety  and  the  repetition  of  the  objects  surrounding  him  ; 
and  with  an  idea  of  Time^  by  the  succession  of  phenomena  or  even  oy  the 
mere  train  of  his  own  thoughts.  Certain  points  of  departure,  as  well  as  an 
acquired  practice,  are  essential  to  the  formation  of  a  judgment  of  time  and 
number ;  without  them  we  should  be  as  little  capable  of  forming  accurate 
conceptions  of  these  subjects  as  Tre  should  of  space.  The  act  of  breathing, 
the  beating  of  the  pulse,  the  alternations  of  day  and  night,  and  of  the  seasons, 
are  the  kind  of  pbcnomena  that  aid  us  in  measuring  and  dividing  time. 

Space,  Number,  and  Time,  are,  therefore,  the  generalities  which  force 
themselves  upon  our  minds  by  every  observation,  and  are  of  special  import- 
ance in  the  study  of  most  natn^l  phenomena.  The  more  accurate  observa- 
tion of  space  and  number  foms  the  subject  of  a  special  science,  which  is 
called  Mathematics. 

4.  That  which  fills  space  h  Matter.  If  all  space  were  filled  with  matter, 
the  latter,  like  the  former,  voold  be  infinite,  and  space  and  matter  would, 
therefore,  be  the  same.  Bvt  this  is  not  the  case.  Matter  exists  only  in 
certain  portions  of  space,  aid  is  always  limited  in  extent  Matter,  as  a 
limited,  finite  substance,  is  tirmed  Body  or  Object. 

The  celestial  bodies,  as  yell  as  the  earth,  are  such  limited  portions  of 
matter,  or  bodies,  existing  in  space.  Their  dimension  is  extremely  smaU 
when  compared  with  that  (f  space. 

5.  If  we  examine  mattir  in  the  various  forms  in  which  it  has  yet  been 
defined,  we  can  perceive  no  reason  for  its  undergoing  any  chance.  As  matter, 
it  should  ever  be  alike,  aid  remain  in  the  same  state,  and  we  same  place. 
It  would,  therefore,  be  ^rfectly  unchangeable,  fixed  and  motionless,  and 
would  not  attract  and  ociupy  our  attention  by  the  change  in  the  phenomena 
observable  in  connexion  with  it.  Such  a  condition  of  matter  we  express  by 
the  term  vis  inertise.  Eyeij  phenomenon,  therefore,  is  produced  by  the 
overcoming  of  this  inertia  by  some  partioular  cause. 

Hence  we  must  assime  that  in  addition  to  matter,  there  exists  a  special 
cause  of  the  phenomena  which  are  exhibited,  a  cause  which  is  termed  Force. 
Two  ideas  may  be  firmed  of  the  relation  between  force  and  matter.  We 
may  either  consider  ibrce  to  be  independent  of  matter,  separable  from  it,  and 


aSNEBAL  PBOPIRTIBS  OF  MATTER.         27 

mflneooiDg  H,  perhaps^  in  tbe  manner  in  which  we  oonoeiye  that  the  Deity 
influenees  the  universe  as  ita  Creator  and  Ruler;  or  force  may  be  considered 
as  being  inseparable  from  matter,  as  is  the  body  and  soul  in  the  living  being 
Snch  general  views  are,  however,  the  more  indistinct  and  indefinite  tito 
leas  we  know  of  Uie  facts  upon  which  they  most  be  grounded.  It  is,  there- 
fore, advisable  to  beeome  firet  thoroughly  acquainted  with  individual  natural 
phenomena,  and  afterwards  to  endeavour  to  form  more  general  views,  and  to 
denote  them  by  suitable  expressions.   . 


Oensbal  Propeeiees  or  Matter. 

6.  The  following  are  the  general  properties  of  bodies :  1.  Magnitude  and 
Form;  2.  ImpenetrabHifi/ ;  3.  Inertia;  4.  Dtvtsibilify ;  5.  Porosity; 
6.  CompressibiUiy ;  7.  Elastxcity ;  8.  BocpandbiUty. 

Observation  teaches  us  that  the  above^entioned  properties  are  possessed 
bj  every  substance,  without  exception,  vhilst  of  the  numerous  distinctive 
loarks  which  we  perceive  in  every  individtal  object,  the  greater  part  of  them 
are  observed  only  in  particular  objects,  and  are,  therefore,  called  special  pro- 
perties, as  for  example,  colour,  form,  &c. 

7.  Aj9  matter  occupies  a  certain  portion  of  space,  it  must  be  possessed  of 
vnagniiude^  and  in  describing  physical  ph^omcna,  we  have  so  frequently  to 
refer  to  it,  that  it  appears  to  us  desirable  io  point  out  here  the  means  of 
ftxriving  at  a  correct  idea  of  magnitude,  or^in  other  words,  of  measuring  it. 

If  we  fallow  magnitude  only  in  one  unc'iangeable  direction,  as  a  straight 
Hue,  the  means  of  determining  it  is  called  \  measure  of  length.  It  will  be 
readily  seen  that  it  is  of  the  greatest  importlbce  for  scientific  observation,  as 
well  as  for  commerce,  to  possess  a  universal,  iiichangeable  measure  of  length ; 
and  it  is  particularly  important  to  determine  i\e  unit  of  the  measure  of  length 
in  such  a  manner,  that  in  the  event  of  its  beiig  lost  or  fiilsified,  it  can  easily 
be  again  found. 

Several  scientific  men  in  France  were  ooron(ssioned  to  discover  a  unit  of 
length.  After  having  moat  accurately  measured^the  fourth-part  of  the  largest 
circle  passing  through  the  poles  of  the  earth  (\he  meridian),  and  divided  it 
into  ten  millions  of  equal  parts,  they  adopted  ote  such  part  as  a  measure  of 
length  and  called  it  a  meter.  The  length  of  themeter  is  39*37079  English 
inches. 

The  meter  is  divided  into  smaller  parts  acoordii]^  to  the  following  plan : — 

lf«t«r;  M.       Dedmetor;  Dm.    Oentiineter;  Om.    MUlimoter;  Mm. 
1         s         10         =         100         »        1000 
1         =  10         re,         100 

1         =10 

Here,  therefore,  the  millimeter  is  the  smallest  meagre,  and  having  been 
OQce  determined,  it  may  be  conveniently  employed  Ar  the  comparison  of 
other  measures.     It  is  equal  to  very  nearly  r^^  Englishinch. 

In  most  other  countries  the  unit  of  measure  is  the  Aot,  which  is  divided 
into  ten  or  twelve  inches.  In  England  the  imperial  yVrd  of  36  inches,  or 
three  feety  is  the  legal  standard  of  length. 
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The  inch  is  divided  into  ten  or  twelve  parte,  which  are  called  lines  :— 

COHPAOISON   OP  MeASUBES   OP   DIFFERENT   COUNTBIBS. 

Foot.  Inches.  Liaes.  Millimeters. 

England 1  =  12  =  144  =  304 

Prussia  (Rhenish  foot) 1  =  12  =  144  =  313 

Parisian  or  old  French  foot ...  1  =  12  ==  144  =  824 

Austria 1  =  12  =  144  =  816 

Hesse  Darmstadt 1  =  10  =  100  =  250 

Saxony 1  r=  12  =  144  =  283 

Frankfort-on-the-Maine 1  =  12  =  144  =  284 

Brunswick 1  =  12  =  144  =  285 

Wurtemburg  and  Hamburg....  1  =  10  =  100  =  286 

Electorate  of  Hesse 1  =  12  =  144  =  287 

Bavaria 1  =  12  =  144  —  291 

Hanover 1  =  12  =  144  =  292 

Baden 1  =  10  =  100  =r  300 

Those  measures  which  are  divided  into  ten  equal  parts,  as  the  meter,  are 
called  dkcimal  measures,  as  fig.  1.  which  is  a  square  inch  divided  into  one 
hundred  square  lines^  and  fig.  2,  \rhich  represents  a  cubic  inch  divided  into 
cubic  lines. 


- 

U      i     ,-L. 

Duodecimal  measures,  whicl  are  most  commonly  used  in  this  country,  are. 
divided  into  twelve  equal  parts.  A  square  foot  is  a  plane  measuring  twelve 
inches  in  length  and  in  breidth,  whilst  a  cubic  foot  measures  twelve  inches 
in  length,  breadth,  and  dejth. 

8.  The  occupation  of  ^ace  by  matter  is  rendered  manifest  to  us  by  its 
tmpe7i€trahilth/.  In  the  »me  space  which  the  earth  occupies  there  can  be 
no  other  celestial  body  at  the  same  time,  and  daily  experience  teaches  us, 
that  in  the  space  occuped  by  a  mountain,  a  tree,  or  by  our  own  bodies,  no 
other  material  substance  can  be  simultaneously  present. 

The  impediments  we  should  encounter  by  moving  forward  in  one  direction, 
result  from  the  impenelkrability  of  the  substances  we  meet  with  in  our  way. 

The  air  likewise  ocnipies  space ;  it  is  impenetrable,  and  is,  therefore,  con- 
sidered as  a  body  or  a  portion  of  matter.  This  requires  a  more  positive 
proof.  If  we  immene  an  ordinary  drinking-glass,  with  its  opening  down- 
wards, in  water,  no  lensible  quantity  of  water  will  enter  the  glass,  unless  it 
be  immersed  to  a  coQsiderable  depth,  when  the  pressure  of  the  superincum- 
bent liquid  will  coopress  the  air  into  a  smaller  space.  This  depends  upon 
the  impenetrabilitf  of  the  air  contained  in  the  glass,  which  does  not  allow 
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tiie  water  to  oocupj  its  place.  The  possibOity  of  desoendiog  to  a  great  depth 
in  the  sea,  by  means  of  a  diving-hell,  depends  partly  upon  the  impenetrability 
of  the  air  which  it  contains. 

A  Tessel  which,  in  common  langnage,  is  called  empty ^  is,  in  reality,  not 
empty,  but  filled  with  air ;  and  it  is  not  until  this  is  displaced,  that  we  can 
iotrodnce  another  body,  for  instance,  water,  into  the  space  which  the  air 
previously  occupied. 

All  kinds  of  matter  do  not  offer  an  equal  resistance  to  the  motion  of  our 
bodies,  but  we  perceive,  in  this  respect,  a  great  difference.  For  example, 
those  objects  which  we  term  iolid  are  much  more  difficult  to  displace  than 
those  which  are  liquid:  aod  in  the  case  d  gaseous  bodies  we  scarcely  feel  that 
they  oppose  a  resistance  to  our  movements  -,  they  are  mobile  in  the  highest 
d^ree.  Matter,  therefore,  presents  itself  in  three  different  states,  which  are 
eaUed  states  of  aggregaiiony  namely,  solid,  liquid,  and  gaseous.  These  we 
ihall  subsequently  consider  more  minutelV.  jr--- 

9.  It  has  been  shown  that  matter  presefjR  to  us  various  phenomena  only 
vhen  influenced  by  the  forces  of  nature :  when  it  is  uninfluenced  by  any  of 
these  forces,  and  remains  in  a  state  of  rest^  its  condition  is  called  its  inertia. 
As  this  general  property  of  matter  is  most  remarkably  displayed  by  the  phe- 
nomena of  motion,  the  consideration  of  it  will  be  discussed  more  minutely 
vhen  we  treat  of  motion  generally. 

10.  All  substances  may  be  divided  into  Staall  particles  by  suitable  means. 
Stones  and  grains  of  com  may  be  ground  to  fine  dust,  or  flour ;  metals 
reduced  to  small  particles  by  means  of  files^  beaten  into  thin  leaves  by  the 
hammer,  or  drawn  into  wires  finer  than  bain.  Water  contained  in  a  vessel 
may  be  easily  divided  into  single  drops,  and  <ach  drop  may  be  spread  over  a 
large  surface  by  a  brush.  The  surface  thus  moistened  becomes  dry  after  a 
short  time,  owing  to  the  evaporation  of  the  tater,  which  is  converted  into 
extremely  small  particles,  no  longer  perceptibU  to  the  eye. 

Divisibility  IB,  therefore,  a  general  propertyof  bodies:  their  division ^ is 
effected  either  by  the  proper  implements,  in  whida  case  they  suffer  mechanical 
division;  or  by  natural  forces,  when  they  ari  said  to  undergo  physical 
division.  i 

The  extent  to  which  division  may  be  carHed  ^  best  shown  by  examples. 
The  little  line  (-)  shows  the  length  measure,  wfafeh  is  termed  a  millimeter. 
(See  §  7.)  The  silk-worm  spins  filaments,  100  of  ^hich  must  be  placed  side 
by  side  to  occupy  the  space  of  a  millimeter  (aboj|t  ^^  inch).  But  metals 
have  been  drawn  out  into  wires  of  such  fineness,  t^t  one  hundred  and  forty 
f£  them  have  together  only  the  thickness  of  one  s^k  filament,  and  fourteen 
thousand  of  them  placed  together  occupy  the  space  ^ly  of  one  millimeter. 

Bodies  may,  however,  be  divided  to  a  much  grater  extent  by  physical 
means.  If,  for  instance,  a  grain  of  salt  be  dissolve^in  a  ghissful  of  water, 
every  drop  of  the  solution  that  can  be  taken  up  on  \he  point  of  a  needle 
contains  a  particle  of  the  salt. 

However  minute  are  the  particles  into  which  matter  may  be  divided,  we 
are  led  to  infer,  by  a  number  of  phenomena,  that  the  ^visibility  of  matter 
cannot  be  continued  ad  infinitwm,  at  least  not  with  the  taeans  and  natural 
hn&s  at  our  command.  \ 

Every  substance  is,  therefore,  assumed  to  be  an  aggregl^  of  smaller  par« 
tkles,  which  we  term  aUyrrn  or  molecules.   We  have  glass^magnifying  from 
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1200  to  1600  times,  bat  chetnistry  teaches  us  that  the  atoms  must  be  still 
less  than  the  smallest  particle  visible  by  means  of  these  glasses. 

If  this  view  be  followed  out,  we  must  conclude  that  the  mass  of  a  bodj 
depends  on  the  number  of  its  atoms,  and  that  its  properties  are  dependent  on 
the  constitution  and  arrangement  of  them. 

We  shall  have  opportunities  of  seeing  these  conclusions  more  or  leas  oon- 
firmed,  by  results  arrived  at  in  the  study  of  Nature. 

11.  The  small  openings  in  the  skin,  through  which  the  perspiration 
escapes,  are  termed  pores.  Hence  all  bodies  that  are  easily  penetrated  by 
air  or  water  are  termed  porous;  and  as  most  bodies  possess  this  property, 
we  class  porosity  among  the  general  properties  of  matter. 

Sponge,  wood,  and  charcoal,  bread-crumbs,  &c.,  are  very  porous  bodies ; 
the  numerous  and  large  pores  they  contain  may  be  perceived  at  a  glance ;  but 
the  porosity  of  other  bodies  is  onlj  perceptible  under  certain  circumstances. 
If,  for  instance,  hollow  balls,  constmcted  of  gold,  iron,  or  other  dense  metals, 
be  filled  with  water,  closed  tightly  and  submitted  to  great  pressure,  the  water 
will  exude  in  small  drops  through  the  pores  of  the  metal. 

Glass,  and  a  few  other  substanses,  do  not  admit  the  passage  of  air  and 
water  under  any  circumstances.  Although  there  may  be  reasons  for  believ- 
ing even  these  substuices  to  contain  interstices  or  pores,  still  it  is  customary 
to  consider  only  those  bodies  as  porous  that  possess,  under  ordinary  circum- 
stances, the  above-named  properties. 

12.  It  may  be  concluded,  fron  the  foregoing  remarks,  that  compressibility 
also  belongs  to  ike  general  properties  of  matter.  For,  whenever  a  mass  of 
matter  contains  spaces  or  intentices,  it  is  capable  of  compression,  provided 
we  have  at  command  the  requisite  amount  of  force  to  effect  it.  Indeed,  no 
body  has  as  yet  been  discovered  that  could  not  be  made  to  occupy  a  smaller 
space  by  the  application  of  piessure. 

It  is  obvious  that  the  density  of  a  body  will  increase  in  proportion  to  the 
amount  of  pressure  to  which  it  is  subjected,  and  that  the  resistance  ofiered 
by  a  body  against  fiurther  conpression  increases  proportionately  to  the  increase 
of  the  pressure  applied. 

The  air  is  indisputably  tae  most  compressible  of  all  bodies,  while  it  is  sin- 
gular that  water  and  other  flttids  can  only  be  compressed  to  a  very  small 
extent.  If,  for  example,  -0  cubic  inches  of  water  were  introduced  into  a 
cannon^  the  sides  of  whbh  were  three  inches  thick,  and  an  attempt  were 
made  to  compress  the  mter  into  a  space  of  19  cubic  inches,  the  cannon 
would  burst  before  this  ompression  eould  be  effected. 

Very  porous  bodies  niturally  admit  of  considerable  compression,  but  metals 
likewise  occupy  a  much  smaller  space  when  hammered  or  coined,  and  even 
glass  may  be  compress^  to  a  certain  extent ;  hence  it  must  likewise  contain 
pores,  though  they  arc  too  minute  to  be  visible. 

13.  When  a  body  s  compressed  by  the  application  of  an  external  force, 
its  particles  will  eviice  a  tendency  to  resume  their  original  position.  The 
term  elasticity  has  )een  given  to  this  property,  and  the  bodies  are  therefore 
called  clastic. 

This  property  ispossessed  by  bodies  in  very  different  degrees.  A  certain 
quantity  of  air,  to  whatever  extent,  and  however  frequently  it  may  be  com- 
pressed, will  alwiys  return  to  its  original  volume,  ianmodiately  the  pressure 
is  removed.    Ai;  is,  therefore,  perfectly  elastic 
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AmoDgst  the  highly  ekstio  substanoes  may  bo  mentioned  caoatohouc, 
feathers  and  hairs,  whalebone^  many  kinds  of  wood  and  metals^  and  particu- 
larly steeL 

In  many  substances,  such  as  fluids,  clay,  &c.,  elasticity  is  scarcely  percep- 
tible, or  at  least  only  under  peculiar  conditions :  such  bodies  as  these  are,  on 
the  contrary,  termed  non^lastic. 

If  an  ivory  ball  be  laid  gently  on  a  marble  slab,  coated  with  lamp-black, 
it  will  only  reoeive  a  small  blade  speck  at  the  point  on  which  it  rests  on  the 
slab.  But  if  the  ball  be  allowed  to  j^l  from  a  height  upon  the  slab,  it  will 
leceive  a  round  black  spot,  increasing  in  size  proportionately  to  the  height 
from  which  the  ball  falls.  This  experiment  proves  that  the  ball  is  flattened 
at  Uie  moment  it  touches  the  slab,  but  that,  being  elastic,  it  immediately 
regains  its  spherical  form.  The  bow,  the  cross-bow,  and  the  projectile  appa- 
ratus of  the  ancients  owe  their  power  t>  elasticity.  This  property  is  most 
extensively  made  available  in  mechanics,  and  it  is  especially  the  elasticity  of 
wires  and  strips  of  brass  and  steel,  termed  springs,  which,  as  a  moving  power, 
are  very  generally  employed.  Such  springs  are  used  for  gun-locks,  door-locks, 
and  pocket-knives ;  and  it  is  the  ^iral  spriigs  which  give  to  some  kinds  of  sofas 
and  beds  their  elasticity ;  carnages  also  owe  their  easy  and  characteristio 
movement  to  springs.  The  importance  ol  elasticity,  however,  will  be  more 
readily  oDderstood,  when  we  show,  in  the  following  pages,  that  watches  and 
docks  can  be  set  in  motion  by  springs  without  the  use  of  weights. 

14.  By  exparuihilits/  of  bodies  we  under|band  their  property  of  increasing 
in  size,  and  consequently  of  occupying  a  greiter  space  when  they  are  heated. 

The  space  occupied  by  a  body  may  be  assuned  to  increase  proportionately 
as  the  latter  is  heated. 

Expansibility  is,  therefore,  observed  most  distinctly,  and  to  the  greatest 
extent,  in  many  of  those  substances  which  ari  not  destroyed  by  the  highest 
temperatores  we  can  subject  them  to,  as  is  thecase  with  air  and  water.  One 
cubic  foot  of  water,  when  completely  convertei  by  heat  into  vapour,  at  the 
temperatore  of  212°  F.,  occupies  in  that  condit^n  a  space  of  1696  cubic  feet 

Classification  of  Physical  Phenomena. 

15.  As  physical  phenomena  are  very  numerou^and  various,  it  is  expedient 
to  class  them  into  larger  groups.  It  is  evident  tlat  the  characters  of  these 
groups  can  only  be  perfectly  understood  when  we  %«  familiar  with  their  con- 
tents ;  we  shall,  therefore,  limit  ourselves  at  preseit  to  a  brief  exposition. 

The  first  group  embraces  those  phenomena  only,  tie  ultimate  cause  of  which 
is  the  mutual  attraction  existing  between  the  particH^s  of  matter. 

In  the  second  group  are  comprised  the  phenomen^  arising  from  a  peculiar 
motion,  which  we  term  tnbration. 

The  third  group  consists  of  a  series  of  phenomena,based  on  the  existence 
of  certain  currents,  of  which  we  shall  speak  farther  aithe  proper  place. 

This  arrangement  will  be  rendered  more  intelligible  by\be  following  table : — 


L  Geoup. 

II  Group. 

in.  Group. 

Phenomena  of  Attraction. 

Phenomena  of  Vibration. 

Ph^omena  of  Currents. 

1.  Cohesion. 

2.  Gravity. 

3.  Eqailibrium  and  Motion. 

1.  Sounds 

2.  Heat.  , 
8.  Light 

X  Electricity. 
^^Magnetism. 

V^ 
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I.  PHENOMENA  OF  ATTRACTION. 

16.  All  the  smallest  particles  of  matter  attract  each  other  mntoallj.  This 
inherent  power  is,  however^  displayed  in  three  ways,  differing  considerably 
from  each  other. 

In  the  first  case  only  those  particles  attract  each  other  which  are  in  imme- 
diate contact,  a  more  or  less  powerful  connexion  being  thereby  established 
between  them,  whence  this  kind  of  attraction  has  received  die  name  of 
Cohesion. 

Secondly,  we  have  to  deal  with  the  mutual  attraction  of  particles,  even 
when  they  are  not  in  actual  contact,  and,  indeed,  when  they  are  situated  at  a 
great  distance  from  each  other.  This  power  is  called  Gravitation  or 
Gravitt/. 

By  the  third  kind  of  attraction,  which  is  termed  chemical  attraction,  or 
affinity,  the  properties  of  the  cohering  particles  are  altered;  these  pheno- 
mena form  a  particular  branch  of  catural  science^  termed  Chemistry, 

I.  Cohesion. 

17.  A  more  or  less  powerful  resistance  is  always  met  with  in  the  endeavour 
to  separate  the  particles  of  any  substance  from  each  other.  We  ascribe  the 
adhesion  of  these  particles  with  acertain  strength  to  a  peculiar  kind  of  attrac- 
tion, to  which  the  name  Cohesiot  has  been  given. 

This  power  has  been  found,  upon  closer  examination,  to  possess  the  pecu- 
liarity of  being  called  into  actioi  only  at  immeasurably  small  distances. 

If  wood,  metal,  or  glass  be  broken,  the  cohesive  power  is  destroyed  at  the 
fractures,  and  cannot  be  restored,  even  if  the  two  surfeces  be  placed  close 
together  very  carefully.  It  is  only  with  bodies  the  particles  of  which  are 
exceedingly  mobile,  such  as  fltids,  that  the  disjointed  surfaces  can  come  into 
sufficiently  close  contact  to  be  made  again  to  cohere. 

The  force  with  which  the  particles  of  a  body  cohere  is  entirely  dependent 
upon  heat,  the  existing  cohesive  force  decreasing  proportionately  to  the  in- 
crease of  temperature.  ,  ., 

AssooMng  the  entire  mttter  composing  the  earth  t»4»e  several  thousand 
times  hotter  than  boiling  witer,  the  attraction  between  the  particles  of  matter 
would  cease  altogether,  "f,  on  the  contrary,  the  temperature  of  the  earth 
were  a  few  thousand  tines  less,  all  particles  of  matter  would  cohere  so 
powerfully  that  it  would  be  impossible  to  separate  them  by  mechanical 
means. 

The  state  of  things  a;  the  ordinary  temperature  of  our  earth,  however,  is 
very  different.  Substaices  are  met  with,  the  particles  of  which  can  be  sepa- 
rated only  with  difficuly ;  these  are  termed  solid  substances.  Of  others,  the 
particles  may  be  easil;  separated,  or  their  position  altered ;  such  bodies  are 
called  fluids.  Finaljr,  there  exists  a  class  of  bodies,  whose  particles  are  so 
far  removed  from  eadi  other  by  heat,  that  their  cohesion  appears  to  be  en- 
tirely suspended ;  t>ese  are  the  aMriforvn  bodies,  or  gases. 

18.  Next  to  heaS  ^^^  arrangement  of  the  particles  of  matter  exerts  its 
influence  over  the  force  of  cohesion.  Wood  is  known  to  be  more  easily 
cleavable  length wiys  than  across  the  fibres ;  cast-steel  is  more  brittle  than 
wrought-steel. 

Such  expressions  as  are  commonly  used  to  denote  the  various  degrees  of 
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eohcsioii,  as  hard,  brittle,  tough,  soft,  ductile,  plastic,  semi-fluid,  fluid,  &c., 
Deed  DO  farther  explanation. 

It  is  of  importance,  for  many  purposes,  to  be  able  to  compare  the  power 
with  which  various  bodies  maintain  their  cohesion.  To  attain  this  end,  pieces 
of  the  substances,  of  equal  length  and  thickness,  are  loaded  with  weights, 
which  are  gradually  increased,  until  the  bodies  break.  The  cohesion  is  of 
eooi^  the  greater  the  more  weight  that  is  required  to  overcome  it. 

Thus,  for  example,  120  lbs.  are  required  to  tear  asunder  an  iron  wire  of 
j^  inch  diameter ;  wires  of  equal  thickness,  made  of  the  following  metals, 
Rqoire  the  weights  mentioned  with  each  to  overcome  the  cohesion  of  their 
particles :  bar  iron  90  lbs.,  steel  60  to  80  lbs.,  cast-iron  28  lbs.,  brass  wire 
60  to  120  lbs.,  copper  wire  42  lbs.,  lead  wire  2}  lbs.,  glass  tube,  or  rod, 
51hs. 

19.  A  great  peculiarity  in  the  cohesive  force  of  bodies  is  its  continual  ten- 
denej  to  arrange  the  ultimate  particles  of  matter  with  a  certain  regularity, 
BO  as  to  produce  bodies  limited  by  planes,  edges,  and  angles,  which  we  term 
«!^Slfii^  Salt  and  sugar-candy  are  well-known  examples  of  the  result  of  this 
property.  ^  t 

There  are  a  number  of  causes,  and  more  particularly  some  other  natural 
hrcesy  that  exert  an  influence  adverse  to  the  formation  of  crystals.  Hereafter 
ve  shall  make  ourselves  better  acquainted  with  the  oonditions  necessary  for 
oystallisation. 

20.  II  two  smooth  and  even  plates  of  glass  or  metal  be  laid  upon  each 
other,  they  will  adhere  together  with  a  certain  amount  of  force,  so  that  the 
Lver  plate  may  be  lifted  up  by  means  of  the  upper  one. 

Otaervation  teaches  us  that,  in  general,  when  two  bodies  come  in  contact 
with  each  other,  they  will  cohere  with  more  or  less  force. 

Thb  phenomena  is  explained  by  the  attraction  exercised  by  the  particles 
of  the  surface  of  the  one  body  for  those  of  the  other  body.  This  attraction 
iacreases  in  strength,  therefore,  in  proportion  to  the  number  of  particles  that 
come  into  conta(ft  with  each  other.  Indeed  two  balls  that  touch  only  at  one 
pobt  have  no  perceptible  attraction  for  each  other,  while  plates  will  adhere 
together  with  a  strength  increasing  proportionately  to  the  size  and  smoothness 
of  their  sur^su^es. 

The  attraction  thus  exercised  on  the  surfaces  of  two  diflerent  bodies  is 
tmned  adhesioUj  and  likewise  exists  only  at  infinitely  small  distances.  This 
attractive  force  is  not  confined  to  solids  alone,  but  is  exercised  between  solid, 
ihud,  and  gaseous  bodies,  particularly  air,  which  adheres  with  great  obstinacy 
to  the  surface  of  solid  bodies.  The  adhesion  of  fluids  to  solids  is  termed 
letUing.  Painting,  white-washing,  pasting,  glueing,  cementing,  &c.,  are  in- 
itftnoes  of  the  application  of  adhesion  to  practical  purposes. 

21.  On  the  other  hand,  it  is  remarkable  that  many  fluids  do  not  adhere 
either  to  solids  or  to  other  fluids.  If  a  glass  rod  be  dipped  into  water  or  oil, 
soma  particles  of  each  liquid  will  adhere  to  it;  this  would  not  be  the  case 
with  mercury.  If  the  rod  be  coated  with  grease  previously  to  immersion, 
fio  water  will  adhere,  since  oil  and  water  do  not  mix.  In  fact,  the  oil  and 
water,  or  the  mercury  and  glass,  not  only  appear  to  be  devoid  of  this  attnic- 
tioD,  but  to  possess  rather  a  repulsive  force,  which  is  ascribed  to  a  particular 
power,  termed  repulsion.  K,  however,  the  mutual  cohesion  of  the  particles 
of  water  and  oil  be  assumed  as  exceedingly  great  compared  with  the  adhesive 
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power  of  the  one  liquid  to  the  other,  the  ahove  phenomena  may  be  exphiined 
without  the  necessity  of  assuming  any  repulsive  force. 

22.  If,  therefore,  a  glass  tube  be  dipped  into 

D        I  Hi       water,  and  another  into  mercury,  the  two  liquids 

^    j         nJ^Ka       ^°  ^^  tubes  will  not  exhibit  perfectly  plane  sur- 

^■0  "       I^H       f^<xSj  the  water  ascends  the  sides  of  the  glass 

BIHl  ^^H       tube,  by  virtue  of  its  attraction  for  the  latter,  a 

8.  4.  concave  surface  being  thus  produced,  as  shown  in 

fig.  3;  while  the  mercury,  which  possesses  no 

attraction  for  the  glass,  forms  a  convex  surface  in  the  tube  (fig.  4). 

in  If  this  experiment  be  made  with  very  narrow  tubes, 

II        the  water  will  not  only  rise  at  the  sides,  but  in  the 
11        entire  tube ;  while  the  surface  of  the  mercury  inside  the 
QQ    other  tube  will  be  lower  than  that  of  the  mercury  out- 
|1h|    side  (figs.  5  and  6). 
HPiI        Very  narrow  tubes  are  called  hair  or  capillary  tubes, 
5  5         and  the  force  with  which  fluids  ascend  mese  tubes  is 

•  termed  capillary  force. 

The  narrower  the  capillary  tubes,  the  higher  fluids  ascend  in  them,  and  it 
is  immaterial  of  what  substance  they  are,  so  long  as  the  surface  is  moistened 
by  the  liquid  employed.  Hence  porous  bodies  attract  and  retain  fluids  with 
great  force,  as  the  pores  may  be  considered  as  an  infinite  number  of  irrega- 
krly  aggregated  capillary  tubes. 

Similar  phenomena  are  exhibited  by  white  sugar,  wood,  sandstone,  or  even 
a  heap  of  sand  or  ashes.  Walls  and  porous  stones  that  are  situated  on  damp 
ground  always  remain  damp.  A  heap  of  dry  sand  under  the  same  circum- 
stances will  become  rapidly  saturated  with  water  to  the  very  top.  The  pro- 
perty of  lamp-wicks  and  filtering-paper  of  absorbing  oil  and  water,  and  a 
number  of  other  phenomena,  may  be  explained  by  the  same  kind  of  attraction. 

n.  Gravity  (Geavitation). 

23.  Gravity  is  the  mutual  attraction  between  different  portions  of  matter, 
which  acts  at  all  distances,  and  the  force  of  which  corresponds  to  the  mass 
of  the  attracting  bodies. 

Let  us  suppose  the  two  balls  A  and  B  (fig.  7)  which  are  of  equtd  magnitude, 

Q 1±7 9 


and  therefore  attract  each  other  with  equal  force,  unless  influenced  by  any 
other  opposing  force,  it  is  evident  that  both  balls,  following  their  attraction, 
will  approach  each  other  with  equal  velocity  until  they  come  in  contact  at 
the  point  M,  which  is  exactly  in  the  centre  of  their  original  distance.  But 
if,  as  in  fig.  8,  the  ball  B  is  as  large  again  as  A,  the  attracdon  that  B  exer- 
cises towards  A  will  be  double  that  which  A  exercises  towards  B;  and  as 
the  two  balls  approach,  A  will  advance  with  double  the  velocity  of  B,  and 
consequently  pass  over  double  the  distance.    Both  balls  must  therefore  meet 
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ftl  the  point  D,  which  is  situated  at  one-third  of  the  entire  distance.     We 
thus  see  that  the  smaller  ball  passes  over  the  greater  distance,  and  this  is 
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e?ea  more  evident  when  the  difierence  in  the  size  of  the  two  balls  is  still 
greater,  as  in  fig.  9,  where  A  is  supposed  to  equal  1,  and  B  equal  100. 


In  this  otse  the  motion  of  B  is  so  small  that  it  apparently  remains  at  rest 
▼hile  the  smaller  ball  A  advances  with  great  velocity  to  the  greater  ball. 
This  affords  us  an  explanation  of  one  of  the  most  common  phenomena, 
Btmely,  the  faUing  of  bodies,  since  all  bodies  existing  on  the  surface  of  the 
earth  are  comparatively  exceedingly  small,  and  are  attracted  by  it  with  con- 
aderable  force.  Hence,  gravity  is  the  cause  of  the  falling  of  bodies,  and 
ol^erration  has  shown  that  when  the  time  a  body  occupies  in  falling  amounts 
to  a  second,  it  passes  through  a  space  of  16  feet. 

If  a  heavy  body,  for  example,  a  leaden*  bullet,  be  suspended  to  a  / 
thread,  it  will  certainly  not  be  able  to  fall,  but  will  draw  the  thread  / 
m  a  p»tion  which  indicates  the  direction  of  gravitation  (fig.  10). 
This  position  is  termed  vertical^  and  the  simple  instrument  which 
serves  to  indicate  it  is  called  a  plummet.  The  direction  which  inter- 
sects the  vertical  line  at  right  angles  is  called  the  horizontal  direc- 
tion. The  sorfEU^  of  water  when  at  rest  is  always  in  a  horizontal 
position. 

24.  If  we  suppose  the  direction  which  a  plummet  takes  to  be 
prolonged^  we  obtain  a  line  extending  to  the  centre  of  the  earth,  and       ^q 
as  this  is  the  same  at  every  point  of  the  earth's  surface,  the  entire 
ittraetion  of  the  earth  E  (fig.  11)  appears  to  be  concentrated  at  the  centre  c. 
Every  object  on  the  snr&oe  of  the  earth  is,  therefore,  situated  from  the  centre 
of  gravity  at  a  distance 
eqiml  to  the  radius  r  of 
mt  earthy  and  is  there 

attracted   with    a  force     [  ^      ^^         ^  ?  ^  ^ 

producing  a  velocity  in     \  )^        ^         ^f         -ir      ^^ 

feffing  bodies  of  16  feet 
m  a  second.  The  attrao- 
tbs  is  not  equal  at  greater  H. 

Stances  from,  the  earth, 

b«t  becomes  weaker  in  proportion  to  the  distance  of  the  body  attracted,  from 
the  eentre  of  the  earth.     This  decrease  in  the  force  of  gravity  follows  a 
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particniar  law,  whicn  may  be  expressed  as  follows :  the  force  of  gravity  in 
the  distance  1  from  the  centre  of  the  earth  being  represented  by  the  space 
of  16  feet,  two  is  equal  to  y,  three  to  y^,  and  four  equal  to  jg,  &c.  The 
force  of  gravity  at  any  distance  from  the  earth  may  be  expressed  by  a  frac- 
tion whose  numerator  is  16,  and  the  denominator  of  which  is  obtained  by 
multiplying  the  number  of  the  distance  by  itself;  or,  more  shortly,  thegraviii/ 
decreases  in  proportion  to  the  square  of  the  distance. 

It  may  now  be  imagined  that,  on  very  high  mountains,  the  space  through 
which  a  body  is  carried  in  a  second,  by  the  force  of  gravity,  would  be  less 
than  16  feet.  But  Uie  highest  mountains  on  the  face  of  the  earth  are  too 
small  in  size  when  compared  to  the  latter,  to  have  any  perceptible  influence 
over  the  velocity  of  motion  resulting  from  the  force  of  gravity. 

25.  As  gravity  has  equal  influence  over  one  particle  of  matter  as  over 
several  together,  all  bodies  must  fall  with  equal  velocity,  however  large  or 
small  they  may  be.  , '  r 

A  piece  of  paper,  a  feather,  or  a  straw,  •*»>-  however,  observed  to  fall  less 
rapidly  than  a  stone  or  a  leaden  bullet :  the  only  reason  of  this  is  the  greater 
resistance  of  the  air  against  the  former ;  if,  therefore,  the  above-named  bodies 
were  to  be  placed  in  a  vacuum  and  allowed  to  fall,  they  would  all  do  so  with 
equal  velocity. 

26.  The  motion  of  a  felling  body  is  continually  accelerated ;  for  if  we 
assume  a  body  to  receive,  through  the  force  of  gravity,  a  certain  velocity  for 
a  particular  period,  it  will  retain  this  velocity  unaltered  for  every  succeeding  - 
period,  even  if  gravity  had  no  longer  any  influence  over  it.  We  know,  how- 
ever, that  the  latter  continues  to  exercise  its  force  and  to  increase  the  velocity 
of  the  motion  unceasingly.  If,  therefore,  a  body  falls  16  feet  in  the  first 
second,  the  distance  it  travels  in  the  first  half  of  that  time  must  necessarily 
be  less  than  that  which  it  describes  in  the  second  half,  and  at  the  end  of  the 
seoond  the  velocity  of  its  motion  must  be  greater  than  at  any  preceding  time. 
Hence  it  follows  that  a  body  must  attain  a  rapidly  increasing  velocity  for 
every  succeeding  second  that  it  falls ;  according  to  a  law  established  by  cal- 
culation as  well  as  observation  the  space  through  which  a  body  falls  in  a  cer- 
tain number  of  seconds  may  be  found  by  squaring  the  number  of  seconds, 
and  multiplying  the  result  by  16.  The  law  of  falling  bodies  must  therefore 
be  expressed  thus :  the  space  through  which  a  body  falls  increases  in  pro- 
portion to  the  square  of  the  time  it  occupies  in  faUing, 

If  a  stone  be  thrown  into  a  well,  and  four  seconds  elapse  before  it  is  heard 
to  touch  the  bottom^  the  depth  of  the  well  will  be  4  X  4  X  16  =256  feei   , 

The  Pendulum. 

27.  A  heavy  body,  such  as  a  ball  or  disc  of  metal,  fastened  to  the  end  of 
a  string,  represents  a  pendulum. 

If  we  bring  the  pendulum  from  its  vertical  position  or  equilibrium,  /  ?, 
^g,  12,  so  that  the  ball  be  situated  at  h,  and  then  leave  it  to  itself,  it  will  fall 
to  the  point  /,  and  then  rise  on  the  opposite  side  to  a,  which  is  situated, 
almost  imperceptibly,  lower  than  h.  When  the  ball  has  arrived  at  a  it  will 
again  fall,  and  rise  once  more  on  the  other  side,  without,  however,  reaching 
exactly  to  the  point  h ;  and  thus  the  motion,  which  is  termed  the  oscillation 
of  the  pendulum,  will  continue,  each  oscillation  being  slightly  less  than  the 
preceding  one,  until  at  last  the  pendulum  will  be  once  more  at  rest.    More 
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accnrate  obeervation  shows  that  oscillations  of  the  pendulum  are  dependent 
upon  gravity,  and  are  only  sh'ghtly  changed  motions  of  fidling.  Attracted 
by  the  earth,  on  the  one  side  to  h,  and  on  the  other  side  maintained  in  one 
UQchangeahle  distance  from  the  point  of  suspension  by  the  thread,  it  is  drawn 
by  these  two  forces  in  a  circular  course,  in  which  the  pendulum,  according 
to  the  law  enunciated  at  §26,  falls  with  increasing  velocity  towards  the 
lowest  point  /.  The  pendulum  would  remain  at  rest  in  the  position  //, 
which  is  the  direction  of  gravity,  if  it  had  not  acquired  a  certain  velocity  by 
Ming  from  6  to  Z.  With  this  velocity,  continually  diminishing  by  the  in- 
fluence of  gravity,  it  now  rises  on  the  other  side,  until  it  is  overcome,  when 
the  pendulum  again  begins  to  fall  from  the  point  a.  Were  it  not  for  the 
Miction  at  the  point  of  suspension,  and  the  resistance  of  the  atmosphere, 
which  together  bring  it  at  last  to  rest,  the  oscillations  of  the  pendulum  would 
continue  for  ever. 

Some  laws  concerning  the  oscillations  of  the  %f 

j^ndulum  have   been  deduced,  of  which  the  /;\ 

most  important  points  are  expressed  in  the  /  •  \ 

following: — 

(1.)  The  single  oscillations  of  one  and  the 
same  pendulum  are  of  equal  duration^  whether 
the  rise  be  greater  or  smaller,  supposing  that 
the  arc  a  h  does  not  amount  to  more  than  five 


(2.)  Two  pendulums  of  equal  length  perform 
tn  equal  number  of  oscillations  in  the  same 
period. 

(3.)  Two  pendulums  of  unequal  length  per- 
forin an  unequal  number  of  oscillations  in  the  same  period,  the  longer  pen- 
dolura  performing  the  smallest  number. 

(4.)  One  and  the  same  pendulum  always  makes  in  a  certain  time  the 
same  number  of  oscillations,  when  the  force  of  gravity  acts  in  the  same 
manner  and  with  equal  power.  If  we  were  able  to  place  the  same  pendulum, 
which  on  the  earth  makes  in  a  definite  time  a  certain  number  of  oscillations, 
upon  the  moon  and  the  sun,  and  there  observe  it,  it  would  make  in  the 
hrmzT  fewer  and  in  the  latter  many  more  oscillations,  since  the  moon  exer- 
cises fifty  times  less,  and  the  sun  nearly  one  and  a  half  million  times  greater, 
attraction  than  the  earth. 

28.  These  laws  have  led  to  applications  of  this  simple  instrument,  which 
render  it  one  of  great  importance.  In  the  first  place,  the  pendulum  serves 
io  clocks  to  rectify  the  unequal  motion  which  is  produced  either  by  weights 
or  springs,  and  likewise  to  furnish  a  measure  of  definite  and  unalterable 
length. 

22.  The  seconds^  pendulum  is  one  that  describes  exactly  sixty  oscillations 
in  one  minute,  each  oscillation  having  the  duration  of  a  second.  It  is  obvious, 
from  what  has  just  now  been  stated,  that  this  pendulum  must  be  of  a  certain 
kngth ;  for  if  it  were  too  short  it  would  describe  more  than  sixty  oscillations 
in  a  minute,  and  a  smaller  number  if  it  were  longer. 

Hence  the  seconds'  pendulum  of  any  particular  place  may  be  used  as  a 
certain,  invariable  measure  of  length.  In  Paris  this  pendulum  must  have 
exactly  the  length  of  three  Parisian  feet  and  eight  lines.     It  is,  therefore, 
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only  two  and  two-thirds  lines  shorter  than  the  meter.  In  London  the  length 
of  the  seconds'  pendulum  is  89 -18929  inches. 

30.  The  ohservation  that  one  and  the  same  seconds'  pendulum  did  not 
perform  an  equal  number  of  oscillations  in  one  minute  at  all  parts  of  the 
surface  of  the  earth,  created  a  great  deal  of  surprise  amongst  philosophers. 
On  taking  the  Parisian  seconds'  pendulum,  three  feet  eight  lines  in  length, 
to  the  equator,  for  instance^  it  was  found  to  perform  a  smaller  number  of 
oscillations  than  sixty  in  one  minute,  whereas,  in  the  neighbourhood  of  the 
North  Pole,  it  performed  a  larger  number. 

As  the  movements  of  the  pendulum  are  dependent  on  the  force  of  gravity^ 
and  as  the  latter  force  decreases  r§  24)  as  the  distance  from  the  centre  of  the 
earth  mcreases,  the  observations  with  the  pendulum 
led  to  the  conclusion,  that  a  point  at  the  equator 
must  be  more  distant  from  the  centre  of  the  earth 
than  a  point  at  the  poles.     Hence  the  earth  can 
be  no  perfect  sphere,  but  appears  to  be  somewhat 
depressed  at  the  poles,  as  shown  at  fig.  13.     The 
V,  diameter  of  the  earth  at  the  equator  is  7935  miles, 
..  at  the  poles  it  is  only  7900  miles.     The  centn- 
er                   fugal  force  which  the  earth  receives  from  its  revo- 
lutions, likewise  contributes  to  the  decreasing  of 
the  oscillations  of  the  pendulum  at  the  equator. 

Weight. 

31.  As  every  particle  of  a  body  is  attracted  by  the  earth,  it  must  neces- 
sarily exercise  a  certain  amount  of  pressure  upon  any  support  on  which  it 
may  be  placed.  The  total  pressure  of  all  the  particles  of  a  body  on  its 
horizontal  support  is  termed  its  weight.  Hence  the  greater  the  mass  of  a 
body  (t.  6.  the  larger  the  number  of  partides  of  which  it  consists)  the  greater 
is  its  weight. 

The  masses  or  weights  of  two  bodies  may  be  compared  by  suspending 
them  to  the  two  ends  of  an  equal-armed  lever.  If  the  latter  remains  in 
equilibrium,  the  weight  of  the  two  bodies  is  equal.  If  the  two  weights  are 
unequal,  the  heavier  one  is  denoted  by  an  inclination  downwards  of  that 
arm  to  which  it  is  suspended. 

An  arrangement  of  this  description  for  the  comparison  of  weights  is  termed 
a  balance. 

32.  By  weights  are  also  meant  the  various  units  of  masses,  employed  in 
dififerent  countries  to  weigh  with,  t.  e.  to  determine  and  express  the  masses 
of  bodies  in  general. 

The  gramme  (15j  grains)  is  the  comparative  unit  of  weight  most  gene- 
rally employed  in  scientific  researches.  It  is  represented  accurately  by  the 
amount  of  water,  at  a  temperature  of  4°  C.  (39-2  F.),  required  to  fill  a  vessel  in 
the  form  of  a  cube,  whose  sides  are  one  centimeter  (0*39  inch)  in  length,  and 
which,  therefore,  contains  one  cubic  centimeter  (0061  cubic  inch)  of  water. 

If,  therefore,  a  certain  substance  is  said  to  weigh  80  grammes,  we  mean 
thereby,  that  if  it  be  placed  in  one  pan  of  a  balance,  80  cubic  centimeters 
of  water  will  be  required  in  the  other  pan  to  maintain  it  in  equilibrium.  It 
is  obviously  far  more  convenient  to  substitute  for  the  water  small  pieces  of 
metal,  each  of  which  corresponds  exactly  to  one  cubic  centimeter  of  the  former. 
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1  kilogramme  ** 
1  poond            *< 
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2          M                          M 
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1 
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33.  The  general  unit  of  weight  in  commerce  is  the  pound.  It  would  be 
exceedingly  convenient  if  this  weight  were  equal  in  all  countries :  thb  is^ 
howeTer,  bj  no  means  the  case,  as  will  be  seen  bj  the  following  table : — 

1  pooad  is  equal  to  458  grammes  in  England. 

*  France. 

*  Austria  and  Bavaria. 
.^         S  Hesse  Darmstadt  and  Baden.     This  is  tbe 

f    pound  adopted  bj  the  German  Zollverein. 

*  Hambnrg. 

f  Prussia,  Saxony,  Hanover,  Wurtemberg, 
Electorate  of  Hesse,  Brunswick,  and 
Frankfort-on-the-Maine.  This  pound  is 
also  called  the  Colore  light  pound. 

Density. 

34.  It  might  be  expected  that,  on  placing  a  cubic  inch  of  water  in  one 
pn  of  a  balance  and  a  cubic  inch  of  lead  in  tbe  other,  these  two  substances 
VDoId  hold  each  other  in  equilibrium,  their  masses  being  of  equal  extent. 
This,  however,  is  well  known  not  to  be  the  case;  indeed,  as  many  as  11 
oibie  inohes  of  water  are  required  to  retain  one  cubic  inch  of  lead  in  equi- 
librinm.  If  mercury  were  substituted  for  lead,  13  cubic  inches  of  water 
would  be  retioired ;  and  one  cubic  inch  of  gold  would  even  require  19  cubic 
iaehtt  of  water  to  maintain  it  in  equilibnum. 

If  the  same  experiment  be  made  with  one  cubic  inch  of  water  and  the 
same  quantity  of  alcohol;  it  will  be  found,  on  the  contrary,  that  the  quantity 
of  spirit  must  be  increased,  or  that  of  tbe  water  diminished,  in  order  to 
obtain  equilibrium.  Oil  of  turpentine,  poppy-oil,  and  other  oib^  stand  to 
water  in  a  similar  relation. 

These  £aota  clearly  prove  that  different  bodies  contain  a  different  number 
ef  atoms  in  an  equid  space.  This  may  be  easily  imagined,  if  we  conceive 
ihe  atoms  to  be  placed  more  or  less  closely  together.  One  cubic  inch  of  lead 
oootains  undoubtedly  eleven  times  the  mass  of  one  cubic  inch  of  water,  and, 
there&re,  weighs  eleven  times  as  much  as  the  latter.  Turpentine  and  other 
oils  are,  on  the  contrary,  not  so  heavy  as  water. 

Hie  densities  of  most  fluids  and  solid  bodies  have  been  compared  with  that 
of  water;  and  the  number  expressing  the  amount  that  one  cubic  inch  of  a 
body  is  heavier  or  lighter  than  the  same  amount  of  water,  is  called  the  density 
or  die  tpedfic  gravity  of  the  body.  The  following  are  the  specific  gravities 
of  a  few  well-known  bodies : — 


Satetanoe. 


Spedfle 
QncTity. 


Sabstanoe. 


Specific 
GwkTlty. 


SubsUBce.  ^^^^A 


Ork 

Poplar  wood. 

lime-tree  wood... 

Piae  wood 

Nntrlree  wood..... 

Ether 

Alcohol 

Oil  of  Turpentine. 

Poppy  oil 

Ice. 

Witer^ 

Sea-water 


0-24 

0-38 

0-489 

0-666 

0-677 

0-718 

0-793 

0-872 

0-929 

0-916 

1-000 

1-026 


Milk 

Oak  wood 

Phosphorus  

Sulphuric  acid . 

Ivory , 

Sulphur 

Quartz 

Basalt 

Bottle-glass 

Granite 

Diamond 

Heavy  gpar 


1-030 

1170 

1-770 

1-848 

1-917 

203 

2-6 

2-66 

2-60 

2-80 

3-52 

4-426 


5-900 


Chromium 

Antimony 

Zinc 

Iron  (wrought).... 

Steel 

Copper  (wrought). 

Bismuth 

Silver 

Lead In-8r,2 

Mercury |13-r>l'8 

Gold !l9-326 

Platinum 22100 


6-712 
7-087  I 
7-7881 
7H16 
8H78 
0-820 
10-474 


40  PHYSICS. 

35.  The  advantage  to  be  derived  from  a  knowledge  of  the  above  numbers 
may  be  easily  proved. 

For  instance,  as  every  substance  invariably  possesses  a  uniform  density 
under  equal  conditions,  we  arrive  at  one  of  the  most  important  means  of 
recognising  a  body.  In  purchasing  pure  silver,  each  cubic  inch  should  weigh 
5*237  ounces.  Should  its  density  be  less,  the  silver  may  be  assumed  to  con- 
tain copper ;  if  it  be  greater,  lead  may  be  present.  If  a  structure  of  oak 
ircighs  1,170  lbs.,  a  similar  one,  of  exactly  the  same  cubic  contents,  matde 
of  deal,  would  weigh  only  555  lbs.  A  bottle,  capable  of  containing  10  lbs. 
of  water,  will  hold  18  lbs.  of  sulphuric  acid,  the  latter  being  nearly  twice,  aa 
heavy  as  the  former. 

In  every-day  language  those  bodies  are  termed  light  that  occupy  a  comparf*- 
mtirely  large  space  and  contain  a  small  amount  of  mass,  as^  for  instance, 
cork,  and  several  other  substances. 

Air  is  far  lighter  than  all  solid  and  liquid  bodies.  It  will  be  seen  here- 
after in  what  manner  the  density  of  gaseous  bodies  is  determined. 

III.  Equilibrium  and  Motion. 

36.  A  body  is  said  to  be  in  motion  when  it  occupies  different  positions  at 
different  times.  It  must  thus  continually  change  its  place  in  relation  to  sur- 
rounding objects,  and  this  enables  us  to  recognise  the  motion.  The  hand  of 
the  clock  twiferBOB  from  number  to  number,  the  ship  passes  by  valleys  and 
hills,  the  railway  train  hurries  through  town  and  country; — these  bodies  are 
in  motion,  since  we  observe  that  they  pass  by  neighbouring  objects,  and 
approach  those  which  are  in  the  distance. 

On  the  other  hand,  the  mighty  mountain  appears  to  us  fixed  and  motion- 
less, the  mass  of  a  building  immovable,  and  the  tree  firmly  rooted  in  the 
ground.  This  motionless  condition  of  a  body  and  its  members  remaining 
always  at  the  same  distance  from  surrounding  objects  we  call  rest 

37.  From  what  has  been  said,  it  is  essential  to  the  perception  of  motion 
that  certain  objects  should  appear  as  being  at  rest :  because  if  all  objecta 
were  moving  at  the  same  velocity,  they  would  all  appear  to  be  at  rest,  since 
their  relative  position  would  remain  unchanged,  as  we  perceive  by  gazing  at 
the  star-bespangled  heavens,  the  mountains,  forests,  and  towns,  on  the  sur- 
face of  the  earth. 

But  observation  teaches  us  that  all  the  heavenly  bodies,  even  the  fixed 
stars,  which  by  reason  of  their  inconceivable  distance  appear  to  us  as  being 
motionless,  are  in  perpetual  movement,  and  we  may  with  safety  assume  that 
not  a  single  particle  of  the  universe  is  ever  at  perfect  rest.  We  know  by 
the  daily  rotation  of  the  earth,  that  mountains,  forests,  and  cities,  participate 
in  this  motion. 

There  is  hence  no  ahsolviCj  but  only  relative  rest.  When  travelling  in  a 
vessel,  our  bodies,  in  relation  to  objects  immediately  surrounding  us,  as  the 
masts,  tables,  and  chairs,  may  be  at  rest,  whilst  a  single  glance  at  the  objects 
on  the  shore,  which  one  by  one  disappear  from  our  view,  convinces  us  that 
the  vessel  and  all  it  contains  are  in  rapid  motion. 

38.  If  we  inquire  into  the  causes  of  motion,  they  are  numerous.  The 
force  of  gravity  is  the  only,  or  at  least  the  co>opcrating  cause  of  most  pheno- 
mena of  motion.     Other  moving  powers  are  electric  and  magnetic  attrac- 
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tktt,  ibe  infinence  of  heat,  and  fioallj  that  power  by  means  of  wbich  men  and 
miinals  are  enabled  to  set  in  motion  not  only  their  own  bodies,  but  also  other 
QbjeetB,an<l  which  came  the  peculiar  vital  phenomena  in  plants  and  animals. 
Bat,  Sor  the  general  consideration  of  the  laws  of  motion,  it  is  quite  imma- 
tsial  on  which  cause  these  motions  depend. 

39.  As  the  first  and  most  important  law  of  the  science  of  motion,  or  me- 
dumia  of  inanimate  matter,  is  the  following : — 

1..  A  body  at  rest  cannot  impart  motion  to  lUeTf, 

2.  A  body  in  motion  cannot  by  itself  change  or  annihilate  this  condition 
of  motion. 

Both  these  principles  convey  a  more  accurate  expression  of  the  inertia  of 
■itter,  already  alluded  to  in  §  9. 

40.  If  any  body  be  set  in  motion,  it  would,  according  to  the  second  prin- 
dple,  continue  the  motion  imparted  to  it  unimpaired  ad  infinitum,  as  is 
setoally  the  case  with  the  heavenly  bodies.  But  within  the  sphere  of  the 
earth's  influence,  wo  cannot  impart  to  any  object  such  a  continuous  motion. 
If,  for  example^  we  fire  a  ball,  with  the  strongest  charge  of  powder,  into  the 
UFj  or  roll  it  over  a  smooth  surface  of  ice  with  a  velocity  the  eye  can  scarcely 
i)]low,  its  motion  will  become  gradually  slower,  and  at  last  cease  altogether. 
Id  both  eases  the  ball  does  not  of  itself  come  to  a  state  of  rest,  but  there 
are  other  forces,  such  as  the  resistance  of  the  air  and  the  attraction  of  the 
earth,  which  pat  an  end  to  the  motion. 

41.  In  the  farther  consideration  of  motion,  we  have  first  to  consider  its 
relation  to  space  and  time,  namely,  its  direction  and  velocity. 

The  distance  from  the  point  at  which  the  motion  of  a  body  bcKiDS  to  that 
where  it  ceases,  is  termed  its  way,  or  course,  and  the  line  which  indicates 
this  way  is  called  its  direction.  This  is  either  a  continually  unchanged 
Uravjht  line,  or  it  is  a  crooked  line.  The  circular  motion  which  the  points 
d  a  body  describe  around  iMtf  is  called  rotation, 

42.  By  a  comparison  of  the  distance  with  the  time  which  the  body  re- 
qnires  to  describe  it,  we  arrive  at  the  velocity  of  motion. 

There  is  a  great  variety  in  the  degrees  of  velocity.  For  instance,  the 
Binute-hand  of  a  watch  describes  the  same  distance  in  one  hour  which  the 
konr-hand  accomplishes  in  twelve.  In  one  second  a  snail  travels  one  line, 
I  rapid  mnner  25  feet,  a  race-horse  50  feet,  a  gale  of  wind  124  feet,  a 
caimoQ.ball  600  feet^  sound  1000  feet,  and  light  195,000  miles. 

43.  The  velocity  of  molecular  motion  is  inappreciable.  We  often  find 
that  the  individual  particles  of  a  body  describe  a  distance  so  exceedingly 
null,  that  we  are  not  enabled  to  take  cognizance  of  their  motion,  although 
we  perceive  the  changes  in  the  object  which  are  the  result  of  this  motion. 
This  occurs  when  a  body  is  expanded  or  contracted  by  the  influence  of  heat, 
bj  crystallization,  by  chemical  combinations,  and  by  the  development  of 
piasts  and  animals.  As  the  smallest  particles  of  bodies  are  termed  molecules^ 
ske  force  extending  only  to  those  particles  which  are  in  immediate  proximity 
tad  acting  at  immeasurably  small  distances,  has  received  the  name  of  mole- 
odor  force. 

44.  Investigation  teaches  us  that  velocity  is  either  equal  or  unequal. 

In  the  case  of  equal  velocity,  the  same  distance  is  traversed  in  the  same 
^satt  of  time,  be  the  space  ever  so  small.     If,  therefore,  a  body  traverses  a 
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mile  in  one  hour,  it  must  traverse  the  sixtieth  part  of  a  mile  in  a  minute^ 
and  the  three  thousand  six  hundredth  part  of  a  mile  in  a  second. 

Uqual  motion  requires  that  the  moving  body  be  under  the  influence  of  a 
continuous  moving  power,  which  accurately  counterbalances  opposing  forces, 
so  that  the  original  velocity  remains  unchanged. 

The  velocity  of  a  body  in  motion  is  said  to  be  unequal  if  it  increases  or 
decreases  at  every  consecutive  moment;  hence  in  the  first  case  it  is  called 
increased  or  acceUratedf  and  in  the  second  decreased  or  retarded  velocity. 

Accelerated  velocity  occurs  when,  on  a  body  already  in  motion,  a  force  acts 
continually  in  the  same  direction,  as  in  the  case  of  falling  bodies  (§  26^, 
and  the  descending  pendulum  (§27).  In  the  case  of  retarded  motion,  a 
force  continually  opposes  the  body  in  motion,  for  example,  as  the  force  of 
gravity  opposes  the  motion  of  a  stone  when  thrown  into  the  air,  and  that  of 
the  rising  pendulum. 

45.  From  what  has  been  said,  it  follows  that  a  body  which  moves  with 
accelerated  velocity  during  one  minute,  has  in  the  second  second  of  time  a 
greater  velocity  than  in  the  first,  and  in  the  third  second  greater  than  in  the 
second  second,  &c.  If  at  any  part  of  the  time  that  the  body  is  in  motion 
the  accelerating  force  ceases  to  act,  the  body  continues  its  motion  uniformly 
with  that  velocity  which  it  had  at  the  moment  of  interruption,  and  which  is 
called  its  final  velocity.  On  the  other  hand,  we  understand  by  the  term 
mean  velocity,  that  velocity  which  a  body  would  have  if  we  suppose  the 
accelerating  power  to  be  removed  exactly  in  half  the  time  the  body  is  in 
motion.  If  a  body  &11  during  the  space  of  a  second,  it  attains  a  final  velo- 
city of  thirty-two  feet,  and  ita  mean  velocity  is  sixteen  feet.  If  it  had  had 
this  latter  velocity  at  first,  and  had  continued  it  uniformly ^  it  would  have 
described  the  same  distance  in  one  second,  as  the  body  falling  with  accele- 
rated motion  would  have  traversed  in  the  same  space  of  time,  namely,  sixteen 
feet. 

46.  The  power  of  a  force  is  shown  by  its  action.  Let  us  suppose  a  strong 
strip  of  elastic  steel,  similar  to  those  which  are  employed  for  cross-bows :  the 
farther  the  force  is  capable  of  bending  the  steel,  the  greater  will  be  its  power. 
Indeed,  elastic  metallic  strips  are  employed  in  the  manufacture  of  dynamo- 
meters,  by  means  of  which  various  powers  may  be  compared,  as,  for  example, 
that  of  men  and  horses,  with  weights.  We  also  frequently  judge  of  power 
by  the  weight  of  a  mass  which  is  lifted  or  moved.  But  in  the  latter  case 
we  must  also  take  into  consideration  the  velocity,  two  forces  being  equal  if 
they  impart  to  corresponding  masses  the  same  velocity,  or  if  the  masses  are 
in  an  inverse  ratio  to  the  velocity  imparted  to  them.  This  is  the  case  when 
the  numbers  obtained  by  multiplying  each  mass  with  its  velocity  are  equal : 
for  example,  a  mass  represented  by  4  has  a  velocity  2,  and  the  mass  2  has 
the  velocity  4.  In  both  cases  the  product  of  multiplication  =  8.  The  pro- 
duct obtained  by  multiplying  the  mass  of  a  body,  which  is  moved,  by  its 
velocity,  is  generally  called  its  nwmefntum. 

If  a  body  in  motion  come  in  contact  with  another,  a  hlow  is  the  result. 
Thus  numerous  phenomena  may  arise,  according  to  the  substance,  the  sise, 
the  direction,  and  the  velocity  of  the  bodies  in  question.  It  may  in  general 
be  said  that  soft  unelastic  substances  receive  a  permanent,  and  elastic  bodies 
only  a  transitory  flattening,  and  that  a  blow  exercises  its  entire  force  only 
when  directed  against  the  centre  of  gravity  of  the  object  which  is  struck. 
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Tbe  behATioiir  of  hard  bodies  when  strack  may  be  exhibited  in  a  very 
beantifal  manner  with  balls  of  ivoiy  suspended  by  threads.  •  ^ 

47.  If  a  body  in  metion  come  in  contact  with  a  second  body  of  equal  size 
at  rest,  tlie  motion  of  Uie  first  will  cease  completely,  while  the  second  body 
vill  move  with  a  velocity  equal  to  that  of  the  first  If  the  mass  of  the  body 
ai  rest  be  larger  than  that  of  the  one  originally  in  motion,  the  velocity  im- 
parted to  the  former  will  be  less  than  that  possessed  by  the  latter,  and  vice 
wnd,  A  large  mass,  moving  with  a  small  degree  of  velocity,  will,  there- 
fore, impart  to  a  small  mass  a  high  degree  of  velocity,  and,  on  the  other 
hand,  a  very  small  ball,  moving  with  extraordinary  velocity,  wiU,  if  it  meet 
vith  a  large  ball,  scarcely  set  it  in  motion. 

Siidi  small  bodies  are  hailstones  and  shot,  which  acquire  their  destructive 
properties  solely  from  the  velocity  with  which  they  travel. 

If  an  object  fiill  perpendicularly  upon  a  plane  s  s'  (fig.  14),  it  will,  in  con- 
sequence of  tlie  mutual  elasticity,  rebound  in  the  same 
<iiiteCion;  bnt^  on  the  other  hand,  if  the  blow  takes 
^aoe  at  an  acute  angle  r  /,  the  striking  object  will  re- 
Wad  at  an  equal  angle  Id,  A  practical  application  of 
this  is  frequently  seen  in  playing  at  billiards,  and  in  the 
j^d||t  firing  of  artillery. 

48.  Motion  is  not  imparted  simultaneously  to  every  particle  of  a  body, 
bat  at  first  only  to  the  particles  which  are  directly  exposed  to  the  influence 
of  tbe  fbroe,  fw  instance,  of  a  blow.  From  these  partk)les  it  spreads  to  the 
rest  A  sli^t  blow  is  sufficient  to  smash  a  whole  window-pane,  while  a  shot 
from  a  gun  will  only  make  a  small  round  hole  in  it,  because  in  the  latter  case 
the  particles  of  glass  that  receive  the  blow  are  torn  away  from  the  remainder 
with  soch  rapidity,  that  the  motion  imparted  to  them  has  no  time  to  spread 
any  fiuiher. 

On  this  also  depends  the  method  of  fastening  a  hammer  upon  its  handle,  by 
kxkocking  the  latter  on  the  ground,  and  the  well-known  trick 
of  placing  a  small  coin  on  a  ring  perpendicularly  over  the 
Booth  ai  a  bottle  (j^.  15).     If  the  ring  be  rapidly  pushed 
froBi  under  it^  the  com  will  fall  into  the  bottle. 

49.  If  several  forces  act  simultaneously  upon  an  object, 
without  prodnoiDg  the  sli^test  change  in  its  condition,  their 
actions  completely  neutralize  each  other,  and  in  this  case  the 
iatcea  are  add  to  maintain  each  other  in  equilibriuniy  or  in 
other  wordsy  the  body  is  in  equilibrium.  In  this  case  it  is  pcr- 
fsctly  indifferent  whether  the  body  be  in  a  state  of  rest  or  in 
BotioD.  If  a  locomotive  engine,  proceeding  at  a  uniform 
zite,  arrive  at  an  ascent,  and  its  steam-power  is  increased  at 
1  rate  corresponding  to  this  impediment,  the  engine  con- 
tmues  its  way  at  its  previous  speed,  —  both  powers  being,  as  it  were,  not  in 
existence,  since  they  maintain  each  other  in  equilibrium. 

We  mnst^  however,  distinguish  this  equilibrium  of  forces  from  the  equili- 
kinm  of  bodies, — ^that  is,  the  position  which  solid,  liquid,  and  gaseous  bodies 
aanme  under  the  infiuenoe  of  gravity,  and  to  which  we  shall  refer  at  a  sub- 
Mqoent  page. 

50.  If  two  or  more  forces,  not  in  equilibrium  with  each  other,  are  brought 
to  bear  npon  one  body,  a  motion  will  be  imparted  to  it     It  must  be  borne 
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in  miDd  that  a  body  always  moves  Id  one  direction  only,  whatever  may  be 

the  number  of  forces  that  are  brought  into  operation. 

This  point  may  be  most  easily  comprehended  by  assuming  a  body  to  be 

under  the  influence  of  two  forces.     In  this  case,  the  body  does  not  move  in 

the  direction  of  either  force,  but  in  one  that  lies  between  these  two  directions. 

This  kind  of  motion  is  termed  compound,  and  the  line  which  indicates  the 

direction  of  this  motion  is  termed  the  mean  or  resultant. 

The  resultant  of  two  forces  is  easily  found.     In  fig.  16  we  have  two  forces 

acting  simultaneously  on  the  point  a  in  two  directions,  a  x  and  a  y.  The 
lines  a  h  and  a  c  represent  the  directions  and  dis- 
tances which  the  body  would  have  travelled  under 
the  influeDcc  of  each  separate  force.  Let  the  lines 
c  r  and  brha  drawn  from  the  terminating  points 
c  and  by  parallel  to  the  direction  of  the  forces.  The 
line  from  the  point  r,  where  the  two  lines  intersect 
each  other,  to  a,  is  the  mean  or  resultant  of  the 
forces  a  h  and  a  c,  and  denotes  not  only  the  direc- 
tion of  the  force,  but  also  the  distance  described  by  the  body  under  its 

influence. 

Figure  17  furnishes  us  with  an  illustration  of  this  compound  motion.     A 

ship  urged  obliquely  across  a  river  from  A  to  B  by  the  action  of  wind  and 


16. 


rudder,  is  propelled,  however,  by  the  stream  from  A  to  C.  If  the  two 
parallels  B  J)  and  C  D  be  drawn,  the  line  A  D  denotes  the  direction  and 
distance  which  the  vessel  really  describes. 

From  these  examples,  it  will  be  seen  that  by  this  process  a  parallelogram 
is  each  time  formed  by  the  given  lines  which  represent  the  forces,  the  diagonal 
of  which  is  the  mean ;  hence  it  is  also  called  the  parallelogram  of  forces. 

The  point  to  which  a  body  arrives,  under  the  influence  of  two  forces,  may 
also  bo  found  by  dividing  the  time  during  which  they  act  into  two  equal  parts, 
and  by  assuming  that  in  the  first  iialf  of  the  time  one  force  exclusively  acts, 
and  in  the  second  half  the  other  force  only  is  in  operation.  It  will  be  readily 
seen  that  each  given  force  may  be  substituted  or  decomposed  by  two  other 
forces  acting  in  a  suitable  manner.  If,  as  in  fig.  16,  the  two  forces  c  a  and 
h  a  may  be  sufistitated  by  their  mean  r  a,  it  follows,  on  the  other  hand,  that 
if  the  force  r  a  be  given,  its  action  might  be  subelitated  by  the  two  forces  c  a 
and  6  a. 

51.  Curvilinear  motions  generally  arise  if  several  forces  act  on  a  body 
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amultaneonsly  and  continaoaslj.  As,  for  instance,  a  body  propelled  with  a 
eertain  Telocity,  in  a  horizontal  direction,  is  simultaneously  acted  upon  by 
the  force  which  moves  it  in  this  direction,  and  by  gravity,  which  draws  it 
vertieaily  to  the  earth.  The  course  resulting  from  these  forces  is  curvilinear, 
aad  deviates  more  or  less  from  the  horizontal  direction,  according  to  the  ratio 
io  which  the  two  forces  stand  to  each  other. 

It  is  w^  known  that  a  marksman  who  fires  at  a  distant  object,  aims  rather 
higher,  to  counteract  the  influence  of  gravity  upon  the  ball. 

52.  If  a  blow  be  given  to  a  ball,  m,  fig.  18,  suspemlcd  to  a  thread,  it 
voold  move  in  a  horizontal  direction  if  it  were  not  attached  to  the  thread 
tod  drawn  by  the  latter  towards  the  point  c.  The 
lesahing  motion  of  the  ball  will  be  circular. 

It  is  obvious  that  if  any  other  force,  in  place  of  the     / 
ibread,  attract  m  continually  to  c,  the  result  will  be    / 
ihrays  a  nmilar  circular  motion.  / 

The  force  that  acts  towards  the  central  point  c  may  • 
be  termed  centripetal,  and  that  which  exerts  its  influ-    \ 
«ce  at  right  angles  with  the  latter,  the  tangential      \ 
fftrct.     The  line  of  motion  described  by  a  body  under 
the  simultaneoas  influence  of  these  two  forces  is  ob- 
riwisly  dependent  on  their  mutual  relation.     In  cir-  ^°* 

eolar  motion,  the  following  is  the  relation  between  the  forces :  the  square  of 
the  tangential  velocity  must  be  equal  to  the  diameter  of  the  circle  multi- 
plied by  the  central  velocity.  If  the  first  product  were  greater  than  the 
second,  the  resulting  curved  motion  would  not  be  circular  but  elliptic  ;  if  it 
were  exactly  twice  as  great  as  the  second  product,  the  motion  would  be  para- 
Idic ;  and  if  the  first  product  were  even  larger  still,  the  body  in  motion 
would  describe  a  hyperbola.  These  are  all  different  forms  of  curved  motion, 
which  will  be  more  minutely  described  at  a  future  period. 

The  most  stupendous  examples  of  these  various  kinds  of  motion  are  afforded 
m  by  the  paths  described  by  the  celestial  bodies.  Thus  the  moon  is  always 
voder  the  simultaneous  influence  of  two  forces,  namely,  the  attractive  force 
of  the  earth,  and  a  second  acting  at  right  angles  to  the  former  and  propelling 
the  moon  at  the  rate  of  about  200,000  feet  in  one  minute.  If  the  attractive 
force  of  the  earth  were  alone  active,  the  moon  would  approach  it,  in  a  ver- 
tical direction,  15  feet  in  the  above  space  of  time.  The  resultants  of  both 
fbrces  is  the  elliptical  path  which  the  moon  describes. 

53.  The  science  that  treats  of  the  celestial  bodies  and  their  motions  is 
called  Astronomy.  It  is,  properly  speaking,  a  branch  of  Physics ;  but  the 
great  number  and  high  importance  of  astronomical  phenomena  render  it, 
however,  necessary  to  devote  a  special  section  of  this  work  to  their  consider- 
ation. 

54.  In  the  case  of  the  oblique  plane,  it  is  necessary  to  resolve  one  force 
into  two  others  (§  50).  But  before  we  investigate  this  subject,  som^  prelimi- 
nary remarks  are  necessary. 

It  has  been  stated  in  §  81  that  the  pressure  a  body  exercises  upon  a  hori- 

sontal  phLUCf  in  consequence  of  gravity,  is  called  the  weight  of  that  body. 

If  10  this  caae  we  move  the  object,  it  is  by  no  means  its  weight  that  we  have 

to  (nercome,  bs  this  is  supported  by  the  horizontal  plane,  but  only  the  fric- 

&m  of  the  object  on  the  plane,  and  the  smoother  the  two  sur&ces  the 
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smaller  the  friction  will  be.  In  the  following  observations  we  shall  entirely 
disregard  the  friction,  and  assume  that  it  is  of  no  influence,  but  which  never 
in  reality  is  the  fact.  In  this  case  even  a  very  small  force  must  be  sufficient 
to  move  a  body,  the  weight  of  which  is  borne  by  its  support. 

The  small  weight  &,  for  example,  may  be  just  sufficient  to  move  the  body 
L  (fig.  19),  upon  the  plane  A  B,  on  which  the  line  a  b  represents  the  entire 
pressure  which  L  exercises  upon  A  B.  But  if  we  give  this  plane  the  in- 
clined position  represented  in  fig.  20,  the  weight  Gr  is  by  no  means  sufficient 
to  move  the  object  L  in  the  direction  A  B.  The  object  will,  on  the  con- 
trary, slide  down  in  the  opposite  direction  towards  A,  exactly  as  if  a  force 


at  K  drew  it  down  in  a  direction  parallel  to  the  plane.  From  this  it  follows 
that  the  plane  no  longer  sustains  the  entire  weight  of  the  object,  and  that, 
consequently,  the  pressure  which  it  bears  must  no  longer  be  represented  by 
the  line  a  b,  but  by  one  that  is  shorter.  But  as  the  body  remains  intact, 
and  has  lost  nothing  of  its  weight,  it  is  clear  that  that  portion  of  its  weight 
which  no  longer  acts  as  pressure  upon  the  plane  manifests  itself  as  a  force 
which  pulls  down  the  object  in  a  direction  parallel  to  the  plane. 

The  force  a  b  with  which  the  body  L  presses  upon  the  horizontal  plane 

A  B  (fig.  19),  is,  therefore,  in  the  case 
of  the  oblique  plane  A  B  (fig.  21), 
resolved  into  two  forces,  namely,  into 
the  force  a  c,  which  acts  as  a  vertical 
pressure  upon  A  B,  and  into  the  force 
c  by  which  is  directed  downwards 
parallel  to  A  B. 

If  we  call  A  B  the  length  and 
B  C  the  height  of  the  inclined  plane 
A  B,  it  can  be  proved  by  the  laws  of 
geometry,  from  the  similarity  of  the 
triangles  ab  c  and  ABC  that  the  downward  propelling  force  &  c  is  in  the 
same  proportion  to  the  weight  of  the  body  a  6  as  the  height  B  C  of  the 
inclined  plane  is  to  its  length  A  B.  If,  therefore,  the  height  B  C  be  the 
fourth,  fifth,  or  sixth  part  of  the  length  A  B,  the  force  b  c  will  be  equal  to 
the  fourth,  fifth,  or  sixth  part  of  the  weight  of  the  body. 

55.  The  application  of  the  laws  of  the  inclined  plane  is  seen  in  the  lift- 
ing of  heavy  weights  to  a  certain  height,  in  ascending  and  descending  moun- 
tains, in  architecture,  &c.,  and  the  facility  thus  afforded  is  the  greater  the 
less  the  height  is  in  comparison  with  the  length,  or,  as  it  is  generally  ex- 
pressed, the  smaller  the  incline,  which  ought  not  to  exceed  5  per  cent,  in 
roads  and  Jrd  of  i  per  cent,  in  railways. 

Besides  the  inclined  plane  has  found  application  in  a  number  of  our  instru* 
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meDts  and  tools.  The  blades  c^  knives,  chisels,  and  axes  consist  of  two 
indined  planes  joined  together,  as  is  also  the  case  with  the  Wedge, 

An  inclined  plane  wound  round  a  cylinder  is  termed  a  Screw.  Gimlets, 
c(H^screw8,  the  Archimedean  screw,  and  the  screw  that  ha^  lately  been 
applied  in  propelling  steam-vessels,  are  all  applications  of  the  inclined  plane. 

The  more  minute  examination  of  these  screws  belongs  to  Mechanics, 

56.  If  a  ball,  m^  attached  to  a  thread,  be  set  in  rapid  circular  motion  round 
the  central  point  c,  and  the  thread  be  then  suddenly 

severed,  the  ball  will  fly  off  from  the  central  point.  ^.- -^^ 

Hie  direction  taken  by  the  ball  is  described  by  a 
fine,  the  position  of  which  is  at  right  angles  to  the 
&^ofi  of  the  thread  at  the  moment  when  the 
ball  flies  off.  If,  for  instance,  the  ball  be  situated 
just  at  the  point  m  when  it  flies  off,  it  will  move 
m  the  direction  m  x. 

The  velocity  with  which  the  ball  moves,  on  being 
dcUdied  from  the  thread,  is  in  direct  ratio  to  the 
idodtj  of  the  original  circular  motion. 

This  forcd  is  <^n  made  use  of  by  children  in  throwing  balls  attached  to 
t  E^ing  to  a  great  height 

A  fi^  more  general  application  of  this  phenomenon  is  seen  in  bodies 
which  rotate^  or  in  other  words,  turn  on  their  own  axes.  In  this  case  all 
those  parts  of  such  a  body,  which  do  not  lie  in  its  axis,  describe  circles  round 
it,  and  acquire  a  tendency  to  fly  off  from  the  axis,  which  is  called  centrifugal 
force.  As  in  such  rotations  all  particles  describe  their  way  round  the  axis 
in  the  tame  timcy  the  particles  farthest  distant  must  have  a  greater  velocity, 
aiHi  consequently  a  stronger  oentrifugal  tendency  than  those  which  are  nearer 
to  the  axis.  Such  a  body  is  the  earthy  which  rotates  round  an  axis,  the  ter- 
minating points  of  which  are  called  the  poles.  Hence  it  follows  that  those 
portions  of  the  earth  which  are  situated  near  the  equator  must  possess  a 
greater  centrifagal  force  than  those  which  are  nearer  to  the  poles. 

The  action  of  the  centrifugal 
fi)rce  can  be  manifested  only 
vhen  it  19  greater  than  the  cohe- 
sion of  the  rotating  body,  par- 
tmkrlj,  therefore,  in  those  the 
mass  of  which  is  soft,  or  which 
pOB^sses  movable  particles.  By 
means  of  the  centrifugal  machine 
ffig.  23),  a  series  of  beautiful  ex- 
perimenta  may  be  made  to  illus- 
trate these  facts,  and  the  cause  of 
the  flattening  of  the  earth  in  par- 
ticular may  be  shown  by  an  elastic 
buss  hoop  a  h.     (Comp.  §  30.) 

Parallel  Forces. 

57.  We  meet  with  a  series  of  interesting  phenomena  which  are  of  parti- 
calar  practical  importance  in  investigating  the  results  which  take  place  when 
jBniJel  forces  act  upon  a  body. 
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The  forces  employed  in  the  following  examples  are  weights,  which  act  in 
the  first  place  at  right  angles  upon  a  straight  and  inflexible  line.  We  use 
for  this  purpose  a  rod,  which  is  suspended  by  its  centre  c  (fig.  24).  The 
action  of  the  force  is  best  represented  if  we  leave  out  of  consideration  tbe 
influence  of  gravity  upon  the  rod,  and  this  is  counterbalanced  by  fastening 
to  the  string  passing  over  a  pulley  a  weight  a,  equal  to  that  of  the  rod.  Wc 
call  the  horizontal  position  which  the  rod  now  has  the  position  o/equilibntifn, 
and  the  point  to  which  it  is  fastened  its  fulcrum. 

If  we  allow  the  two  forces  6  6  to  act  at  equal  distances 
from  the  fulcrum,  they  will,  of  course,  draw  down  the  rod 
with  a  power  equal  to  2  6.     But  this  effect  will  be  com- 
pletely neutralized  if  we  allow  a  weight  equal  to  2  6  to  act 
on  the  other  side  of  the  pulley  in  an  opposite  direction. 
Neither  tbe  horizontal  position  of  the  rod,  nor  its  situation, 
suffers  the  slightest  change,  hence  the  forces  acting  upon  it  are 
in  perfect  equilibrium.    The  same  will  be  the  case  if  we  now 
allow  the  two  forces  h  and  b  to  act  on  the  centre  of  the  rod. 
From  these  experiments  we  draw  the  following  important  conclusions : — 
(1.)  The  effect  of  two  equal  forces  upon  a  line  is  neutralised  by  a  force 
equal  to  their  sum,  acting  at  the  centre  in  an  opposite  direction,  a  , 

(2.)  The  effect  of  two  equal  forces,  acting  on  a  line,  may  be  stthstttoted 
by  a  force  equal  to  their  sum  acting  at  their  common  centre. 

(3.)  Two  equal  forces,  acting  at  oorrospbnding  distances  from  the  fulcrum, 
maintain  each  other  iu  equilibrium. 

68.  Figure  25  represents  another  rod, 
the  weight  of  which  is  counterbalanced 
^  by  the  weight  g.     The  six  equal  and 

[^  parallel  forces  a  act  at  equal  distances 

J  upon  the  different  points,  and  arc  coun- 

terbalanced by  the  weight  /,  which  is 
equal  to  6  a. 

Without  destroying  the  equilibrium 
of  this  arrangement  in  the  slightest  de- 
gree,  the  weights  3  and  6  may  be  re- 

25.  moved  from  the  one  side,  and  combined 
in  the  central  point  at  4  (according  to 
§  57,  2).  In  like  manner  the  weights 
1  on  the  one  side,  and  5  on  the  other 
side,  together  with  1  and  3  on  the  one 
side  of  the  rod,  may  be  combined  at 
their  DNiteal  central  point  2,  from  which, 
therefore,  4  a  are  suspended. 

We  will  now  take  into  consideration 
figure  26.  The  weights  with  which  the 
rod  is  loaded,  and  their  distances  from 
its  central  point,  are  unequal,  and  yet 

26.  the  whole  is  in  equilibrium. 

It  will,  however,  be  observed,  directly 
on  examining  the  figure,  that  the  smaller  force  2  a  acts  at  a  distance  of  4 
from  the  central  point,  while  the  larger  force  4  a  only  acts  at  the  distance  2. 
The  distances  4  and  2  bear  an  inverse  ratio  to  the  forces  2  a  and  4  a. 
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UoeqiiAl  f<HroeB,  ac^ng  pimillel  on  a  straight  line,  retun  each  other,  there- 
fare,  in  eqailibrinm,  if  their  distances  from  the  fulcrom  hear  an  inverse  ratio 
to  the  forees ;  or,  in  other  words,  if  the  force  and  distance  on  the  one  side, 
maiiiiilied  bj  each  other,  are  equal  to  the  power  on  the  other  side,  mnlti- 
l^ied  by  its  dSstanoe. 

In  ^e  above  example,  2x4  =  8,  and  4x2  =  8. 

It  will  now  be  easily  understood  that  a  laree  weight,  near  to  the  central 
pcsnt  c^  a  rod,  may  be  moTcd  by  a  very  small  force  applied  on  the  other 
ade,  at  a  great  distance  from  the  centre. 

Tbt  abovB  is  the  case  in  the  application  of  the  Levery  which  is  notliiog 
wan  than  a  rod  placed  on  a  solid  point  of  sapport,  or  fuLcrwm^  while  two 
odier  points  are  acted  upon  by  the  load  and  the  force.  The  following  kinds 
of  ktvers  are  dktingaii^ed  by  the  relative  position  of  these  points. 

(L)  The  eqwMl^nnaied  lever  (fig.  27).    Its  frdcrum  lies  in  the  centre  at  c. 

The  anus  6  c  foid  c  a, 
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bong  equal,  a  small 
ve^ht  cannot  in  this 
one  mantain  a  larger 
ow  ia  equilibrium. 
Hie  ]Bindpal  appli> 
cttioBs  <tf  this  lever 
are  in  the  balance 
acd  pulley. 

(2.)  The  wMqwj^rmed  lever  (fig.  28),  of  which  the  arm  a«  is  longer 
thm  the  otber,  is  applied  in  various  ways,  for  moving  great  weights  with  a 
■BsUer  power.  One  of  the  most  familiar  examples  of  uie  principles  of  this 
lever  is  that  of  two  boys  of  unequal 
size  wishing  to  swing  upcm  a  board ; 
in  order  to  accomplish  this,  the 
li^er  hoy  chooses  the  hnger  end. 

Other  applications  of  this  lever 
are:  the  ordinary  lever,  the  crow- 
htr,  the  windlass,  the  red,  the  steel-yard  with  sliding  weiehts  (%  29),  the 
weighing  machine,  the  wheel  and  asde,  the  crane,  borers,  keys,  scissors,  &c. 
Bj  due  examination  the 
pnadple  of  this  lever  may 
be  traced  in  all  these  in- 
Mnuoeots. 

(3.)  The  ginglcarmed 

laer  (fig.  30)  differs  some- 

,  what  from  those   already 

coosdered^  the  fbJcmm  c 

being  atnated  at  the  end 

^  the  lerer.     The  forces 

kaadwadofa  the  unequal 

snss  6  c  and  a  r,  but  in 

woteuy  direcdona,  far  k 

^i^ward$f  and  w  draws 

(imipardi.     £qiuijbriani  is  likewise  established  in  this  case  if  k  xbc:=: 
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Applications  of  the  one-armed  lever  are  found  in  the  chopping-blade,  the 
nut-crackers,  in  most  lever  presses,  in  the  foroe-pump  (fig.  31),  and  in  many 
safety  valves  (fig.  32),  wheel-barrows,  &c. 


81. 
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60.  In  the  fixed  pulley  (fig.  38),  the  forces  jp  and  q  act  at  the  points  a, 
and  6,  and  the  line  ach  represents  nothing  more  than  an  equal-armed  lever, 
whose  point  of  support  is  at  c.     No  power  is  gained,  therefore,  in  employing 

the  fixed  pulley;  it 
£^-^7^  :  ~_  "'  '  is  only  of  use  in  per- 
mitting the  applica- 
tion of  the  force  at 
the  most  appropriate 
point,  as,  for  instance, 
when  applied  to  a 
draw-well. 

The  moveable  pul- 
ley (fig.  34)  repre- 
sents a  one -armed 
lever  (compare  §  69), 
the  fulcrum  of  which 
is  situated  at  6,  while 
the  force  q  draws 
downwards  at  tho 
distance  1,  and  the 
force  e  upwards  at 
the  distance  2  and 
at  the  point  d.  Ag, 
however,  the  latter 
force  acts  at  double 
the  distance,  it  is 
only  required  to  be 
half  as  great  as  the 
force  qy  in  order  to 
maintain  the  equili- 
brium. If,  there- 
fore, a  weight  of 
4  lbs.  be  suspended 
on  the  hook  of  the 
moveable  pulley,  a 
force  equal  to  2  lbs. 
applied  at  e  will  be  sufficient  to  raise  it,  and  the  least  excess  of  power  will 
be  sufficient  to  set  the  load  in  motion. 
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By  combining  a  number  of  moveable  pnlleys,  as  seen  in  fig.  35,  we  are 
enabled  to  raise  a  considerable  weight  bj  the  application  of  a  small  amount 
of  force.  On  suspending  the  weight  q^  equal  to  8  lbs.,  to  a  system  of  three 
moveable  pulleys,  1  lb.  will  be  found  sufficient  to  maintain  it  in  equilibrium. 

As  was  shown  at  fig.  34,  the  weight  of  the  suspended  load  decreases  one- 
half  for  every  additional  moveable  pulley. 

The  most  convenient  arrangement  for  raising  weights  by  means  of  move- 
able pulley Sy  is  shown  at  fig.  36.  In  this  system  the  three  upper  pulleys 
are  stationary,  and  the  three  lower  ones  moveable ;  and,  therefore,  the  ad- 
vantage in  its  application  is,  likewise,  that  the  load  q  may  be  counterbalanced 
bj  the  application  of  one-eighth  of  its  weight  at  p. 

It  might  be  expected  that  by  the  application  of  a  great  number  of  pul- 
kjB,  we  should  be  enabled  to  raise  enormous  weights  with  ease.  But  Uie 
r^ta  obtained  &11  short  of  expectation,  partly  b^use,  by  the  addition  of 
tmy  pulley,  the  distance  to  which  the  load  may  be  raised  is  diminished, 
whik  the  friction^  which  is,  as  we  shall  presently  find,  a  great  impediment 
to  motion,  is  proportionably  increased. 

Centre  op  Gravity. 

61.  The  body  m  (fig.  37)  may  be  considered  as  composed  of  the  three 
parts,  a,  6,  h.  Each  of  these  parts  is  attracted  to  the  earth  in  the  direction 
of  the  arrows  in  the  figure,  which  it  will  be  seen  are  parallel 

to  each  other.     We  have  seen  at  §  57,  that  the  action  of  two  m 

cqittl  parallel  forces  on  a  line  may  be  counterbalanced  by  the     |3|a|  h\ 
application  of  a  force  acting  in  the  opposite  direction,  and  pos-       4  I  i 
sesang  a  power  equal  or  superior  to  that  of  the  combined  forces;  37^ 

we  are  able,  therefore,  to  prevent  the  body  m  from  obeying 
the  force  of  gravity^  i.  e,  firom  billing,  by  suspending  or  supporting  it  at  the 
point  <z. 

It  follows  from  this  that  we  are  likewise  able  to  counteract  the  whole  of 
tiie  forees  acting  on  each  single  part  of  the  body  n  (fig.  38)  by  supporting 
the  part  a  ;  and  it  is  found  not  only  by  theory 
hot  also  by  experienoe  that  one  point  must  » 

OBt  in  every  body,  of  whatever  form  it  may  !gl<£|c|  ^|^|  ^|gl<g|e| 
be,  in  which  the  sum  of  the  forces  of  gravity,  ilWlvlvi 
acting  on  all  the  pardcles,  may  be  considered  ^^ 

n  nnited.     Thb  particular  point  is  called  the 
caUn  of  gravity  of  the  body. 

When  the  centre  of  gravity  of  a  body  is  supported  it  cannot  £dl,  and  is, 
therefore,  in  a  state  of  equilibrium. 

62.  In  bodies  of  regular  form,  such  as  a  ball,  a  cube,  a  cylinder,  or  a 
prsm,  the  centre  of  gravity  is  always  identical  with  the  mathematical  central 
pwnt  ^  the  body.  In  irregubrly  formed  bodies  it  is  always  situated  near 
^  la/gest  ^ar^^on  of  the  mass.  In  pyramids  and  cones  the  largest  mass  is 
enieotJy  at  their  bases.  In  these  bodies  the  centre  of  gravity  is  conse- 
fo^tJj  ioan^  to  be  at  one-fourth  of  their  height 

65.  The  centre  of  gravity  of  a  body  is  supported,  as  long  as  a  line  drawn 
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vertically  from  that  point  (jthe  line  of  direction)  fsMa  within  the  base,  t.  e. 
the  surface  with  which  the  Dody  touches  the  ground. 

An  inclined  stone  or  beam  of  wood,  in  which,  as  at  fig.  89,  the  vertical 

line  drawn  from  the  centre  of  gravity 

^ .— ,     falls  within  the  base,  cannot  fefl.     If, 

/'  ,/  /'  however,  it  had  the  size  marked  out  by 
the  dotted  lines,  the  centre  of  gravity 
would  bo  situated  at  h,  and  the  mass 
must  necessarily  fall. 

The  larger  the  base  of  a  body,  and 
the  nearer  its  principal  mass  is  to  the 
base,  the  firmer  the  body  will  stand.  It 
is  probable  that  the  Egyptians  chose  the 
form  of  the  pyramid  on  this  account  for 
their  stupendous  structures,  which  have 
stood  for  thousands  of  years. 
The  bodies  of  men  and  animals,  the  •different  parts  of  which  are  moveable, 
are  continually  altering  the  position  of  their  centre  of  gravity.     A  man 


fi^r 
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carrying  a  load  on  his  back  (fig.  40),  will  lean  forwards ;  if  he  has  it  in  his 
left  hand  (fig.  41),  he  will  stretch  out  the  right  arm ;  and  any  person  who 
is  in  danger  of  falling  on  one  side  will  instinctively  endeavour  to  save  him- 
self by  stretching  out  his  arm  in  the  opposite  direction. 


Pbiction. 

64.  A  great  impediment  to  motion  is  Friction,  It  arises  from  the  cir- 
cumstance that  no  body  exists  with  a  perfectiy  plane  surface.  If  the  smooth- 
est substances,  such  as  polished  steel,  be  examined  under  the  microscope^ 
their  surfaces  will  be  found  to  consist  of  elevations  and  depressions^ 

Therefore,  in  propelling  one  body  along  the  surf&ce  of  another,  the  eleva- 
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tioDs  on  the  one  must  be  con^Dually  lifted  over  the  inequalities  on  the  snr- 
fiioe  of  the  other,  as  is  shown  in  fig.  42. 
The  smaller  these  elevations  are,  that  is, 
the  smoother  the  surface,  the  less  friction 
will  there  be.  In  fluids  the  friction  is 
comparativelj  slight,  the  particles  being 
etsilj  ^placed.     The  friction  between 

two  bodies  may  be  considerably  dimin-  ^  ~, 

ished  by  filling  the  cavities  on  their  sur- 
£iees  with  fluids,  such  as  oil  or  fistt,  or  42. 

with  very   fine   powders,   such   as   gra- 
phite.    Hence  these  substances  are  employed  for  smearing  azletrees  and 
Tnioas  parts  of  machinery. 

The  amount  of  friction  is,  moreover,  dependent  upon  the  weight  of  the 
body  to  be  moved.  The  greater  the  weight  the  stronger  the  friction.  The 
extent  of  the  rubbing  surfaces  exercises  no  influence,  since  to  move,  for 
example,  100  lbs.  of  iron  upon  a  surface  of  metal  a  force  of  27*7  lbs.  is 
required,  vrhether  the  mass  of  iron  be  in  the  form  of  a  flat  plate  or  of  a 
square  block. 

Mechanics. 

65.  Mechanics  is  the  science  which  treats  of  forces  and  of  motion.  It  is 
the  province  of  the  practical  engineer  to  produce  any  motion  that  may  be 
r«|iured,  at  the  least  expense  of  power.  He  accomplishes  this  by  suitable 
instruments,  which  are  called  mcichtnes.  It  is  not  the  object  of  the  present 
work  to  exhaust  the  wide  field  of  mechanical  appliances.  It  seems,  however, 
dutiable  to  pay  some  attention  to  those  instruments  which  have  become  of 
80  much  importance. 

66.  A  distinction  is  made  between  simple  and  compound  machines.  With 
the  first  we  have  already  become,  in  some  measure,  acquainted ;  such,  for 
example,  are  the  lever,  the  inclined  plane,  the  pulley,  and  its  different  forms, 
and  all  our  common  working  tools ;  and  in  the  section  devoted  to  Anatomy, 
we  shall  find  that  most  of  the  motions  of  the  limbs  are  effected  in  accordance 
with  the  laws  of  the  lever. 

Compound  machines  are  produced  by  the  co-operative  action  of  several 
ample  machines,  and  however  difficult  it  may,  at  first  sight,  appear  to  under- 
ttuid  them,  they  may,  nevertheless,  all  be  traced  back  to  the  simple  machines 
above  alluded  to. 

67.  The  trhed  and  axle  is  a  simple  machine,  very  frequently  employed : 
it  eonsists  of  a  cylinder,  called  an  axle,  furnished  with  pivots  at  both  ends, 
which  in  the  case  of  the  horizontal  axle  rest  in  a  groove,  and  in  the  vertical 
axle  in  holes,  so  that  the  axle  may  rotate  round  its  longer  axis.  A  wheel  is 
connected  with  the  axle  in  such  a  manner  that  its  centre  lies  in  the  axis  of 
the  cylinder,  and  that  the  axle  must  rotate  as  soon  as  the  wheel  is  set  in 
BoCion,  and  vice  vend. 

The  windlass  (figs.  43  and  44,)  furnishes  an  example  of  the  application 
of  this  principle.  It  consists  of  a  cylinder  or  axle  a,  the  pivots  of  which 
rest  in  notches  at  the  top  of  two  supports ;  the  weight  r  is  suspended  by  a 
npe  coiled  ronndithe  axle,  and  the  latter  is  made  to  rotate  by  forces  applied 
to  the  levers  or  handle,  w.   It  will  be  readily  seen  that  two  forces,  b  and  w, 
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endeavour  here  to  turn  the  cylinder  in  opposite  directions,  but  that  the  force 
w  acts  on  the  longer  arm  of  the  lever,  and  the  weight  R  on  the  shorter  arm. 
The  force  w  may,  therefore,  be  smaller  than  the  weight  r,  in  the  ratio  of  the 
radius  of  the  axle  to  the  length  of  the  levers,  to  maintain  the  latter  in  equi- 
librium. The  levers  which  move  the  axle  act,  consequently,  more  effectually, 
the  greater  their  length  in  relation  to  the  diameter  of  the  axle. 

[The  capstan  (fig.  45)  differs  only  from  the  windlass,  by  having  its  revolving 
axle  placed  vertically;  and  thus  a  comparatively  small  force  is  required  at  yr 
to  move  the  weight  r.] 

68.  Transmimon  of  Motion, — According  to  the  nature  of  the  machine, 
we  distinguish  three  principal  parts,  namely  :  the  first,  on  which  the  motive 
power  acts ;  the  second,  on  which  the  resistance  to  be  overcome  is  exercised } 
and  lastly,  the  part  between  these  two,  which  is  the  means  of  transmitting 
the  force.  In  simple  machines,  for  example,  the  crow-bar,  these  various  parts 
consist  generally  of  one  piece,  and  are  in  close  proximity. 

But  in  compound  machines  a  considerable  number  of  intermediate  con- 
trivances are  necessary  to  transmit  the  power  to  the  actual  working  parts,  as, 
for  instance,  from  the  water-wheel  of  a  mill  to  the  grinding-stones.  In  order 
to  transmit  the  motion,  transmission  axles,  endless  bands,  and  toothed  wheels 
are  generally  employed. 

69.  If  we  enter  a  cotton  factory,  we  witness  on  the  right  and  the  left  of 
the  passages  of  the  long  rooms  series  of  machines  in  full  activity,  but  we  do 
not  see  the  parts  which  are  acted  on  directly  by  the  moving  power.  If,  how- 
ever, we  look  towards  the  ceiling  of  the  room,  we  perceive  a  rotating  axle, 
extending  along  its  entire  length,  entering  by  an  opening  in  the  wall,  and 
also  frequently  passing  into  the  adjoining  room  to  transmit  the  power  to 
other  machines.  The  mules  are  united  to  this  transmission  axle  by  suitable 
contrivances, — motion  being  imparted  to  the  axle  either  by  a  water-wheel  or 
steam-engine. 

70.  The  endless  hand  is  employed  when  motion  is  to  be  transmitted  from 
one  rotating  axle  to  another  in  the  same  plane,  but  at  some  distance  from  it, 
as,  for  instance,  from  the  above-mentioned  transmission-axle  to  the  mules. 
For  this  purpose  there  are  fastened  on  different  parts  of  the  axle  rollers^ 
called  also  drums,  which  rotate  with  the  axle,  and  have  on  their  circumfe- 
rence, a  rope  or  leather  band,  the  ends  of  which  are  united.  One  of  these 
bands  passes  over  a  corresponding  roller  on  one  of  the  mules  and  sets  the 
latter  in  motion.  Fig.  46  represents  an  axle  A  B,  which  communicates 
motion  to  a  grindstone.  If  it  be  desired  to  arrest  the  nation,  the  band  is 
transferred  to  an  adjoining  loose  roller  by  means  of  the  lever  C  D  E.     The 
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loose  roller  is  not  connected  with  the  axis  of  the  grindstone^  but  is  merely 
movible  round  it,  so  that  this 
roller,  only,  rotates  while  the 

friodstone    remains   at  rest, 
ach  an  arrangement  is  called 
1  live  and  dead  pulley. 

The  endless  band  is  either 
open,  as  at  fig.  46,  or  it  is 
crossed,  as  in  the  common 
sjHoiiing-wheel,  or  in  the  cen- 
trifagal  machine,  fig.  23.  In 
reference  to  the  action  of  the 
eodless  band,  it  must  be  re- 
iMrked  that  the  part  of  the 
band  which  is  called  the 
dnnng-side,  has  a  greater 
ftoaon  than  the  other,  since 
DO  rotation  could  be  pro- 
dofled  if  the  tension  were 
eqaally  distributed  through- 
out the  whole  of  the  band. 

If  the  diameter  of  the  two 
wheels  A  and  6,  over  which 
the  endless  band  passes,  are  equal,  and  A  is  set  in  motion,  it  imparts  to  B 
the  same  velocity  of  rotation.  But  if  the  wheel  A,  which  is  set  in  motion, 
be  larger  than  the  second  wheel  B,  it  will  impart  to  the  latter  a  greater  velo- 
Qty  in  the  ratio  of  the  diameter  of  the  wheels ;  so  that  in  this  manner  an 
exeeedinglj  great  velocity  of  rotation  may  be  produced,  for  instance,  as  in 
the  bobbin  on  the  spinning-jenny,  the  centrifugal  machine,  &c. 

If  we  conceive  the  idea  of  two  wheels  A  and  B,  connected  by  an  endless 
baiul,  and  a  given  force  acting  by  a  winch  on  the  smaller  wheel  A,  the 
diameter  of  which  may  be  },  J,  },  ^th  of  that  of  the  second  wheel  B,  this 
power  produces  the  same  effect  as  if  the  force  were  acting  directly  on  the 
ixle  of  the  larger  wheel  B  by  a  winch  of  the  2,  3,  4,  or  7i-tirae8  the  length. 

71.  The  tcheelrWork$  so  much  employed  in  mechanics  consist  of  toothed 
rhetUj  which  transmit  the  motion  from  one  axle  to  another,  which  is  either 
parallel  to  the  first  or  forms  with  it  an  angle.  On  their  circumference  are 
alternate  teeth  and  spaces,  which  accurately  correspond  and  6t  in  each  other 
in  such  a  manner  that  one  wheel  cannot  be  moved  without  turning  the  other 
ia  the  opposite  direction. 

The  remarks  we  have  made  in  reference  to  endless  bands  apply  also  to 
toothed  wheels,  inasmuch  as  wheels  of  equal  diameter  transfer  the  motion 
anehanged  from  one  axle  to  another;  but  if  the  first  wheel  be  of  lartrer 
siie,  it  imparts  to  the  second  a  velocity  as  many  times  greater  as  the  number 
of  its  teeth  exceed  those  of  the  latter.  The  second  wheel  is  capable  of 
imparting  motion  to  a  third,  and  this  to  a  fourth,  and  so  on,  of  continually 
decreasing  size,  and  in  this  manner  we  may  obtain  any  convenient,  and  if 
requisite,  extraordinary  velocity. 

It  is  also  to  be  remarked  that  if  a  given  force  F  acts  on  the  axle  of  a 
smaller  wheel  C  by  the  winch  B  (fig.  47),  and  the  diameter  of  the  smaller 
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wheel  C  is,  as  here  represented,  one>third,  or  i,  \f  ^th  of  that  of  the  larger 

wheel  D,  the  force  P  exer- 
f     ,.,.-.     cises  the  same  action  as  if 
.?••-''''     '^   it  acted  directly  on  the  axle 
.-""'  A  of  the  larger  wheel  D 

hy  a  IcTer-arm  B'  of  3,  4, 
6y  or  7i-times  the  length. 
But  as  winches  of  such 
length  are  very  inconve- 
nient, or  scarcely  manage- 
ahle,  a  combination  of,  se  ve- 
ral  toothed  wheels  me-  em- 
ployed with  advantage. 
The  smallest  wheel  which 
is  directly  set  in  motion  is 
called  opinion  C  (fig.  43). 
It  will  readily  be  seen  that  the  motion  produced  takes  place  in  a  reversed 
sense  if  the  motion  be  transferred  from  a  larger  to  a  smaller  toothed  wheel, 
and  that  the  effect  of  wheel-works  is  considerably  impaired  by  friction. 

72.  The  bevelled'wheel  (fig.  48),  and  the  crown-wheel  (fig.  49),  transfer 
the  motion  from  a  horizontal  to  a  vertical  axis,  or  vice  vergd,  and  the  remarks 
we  have  made  in  reference  to  toothed  wheels  generally  are  in  every  respect 
applicable  to  these  wheels. 


48. 

73.  The  disturbances  arising  to  a  machine  from  the  irregular  action  of 
the  moving  power  would  render  the  generality  of  operations  impossible  if 
no  means  were  adopted  to  counterbalance  these  disturbing  influences. 

To  accomplish  this  a  large  heavy  wheel  of  cast-iron,  called  hfiy-wheely  is 
fixed  to  the  axle,  and  rotates  with  it.  If  a  sudden  increase  of  force  takes 
place,  this  excess  of  power  acts  also  on  the  heavy  fly-wheel,  and  the  effect 
of  the  increase  of  power  on  the  whole  arrangement  is  rendered  less  percep- 
tible ;  if,  on  the  other  hand,  the  moving  power  be  decreased  or  even  tempo- 
rarily interrupted,  the  motion  of  the  whole  of  the  machinery  is  thus  only 
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dightlj  dimimshed,  siDce,  aocording  to  the  laws  of  inertia  (§  39),  the  fly- 
wheel  retains,  at  least  for  a  short  time,  its  velocity,  and  keeps  the  rest  of  the 
machinery  in  motion  until  the  moving  power  again  acts  in  a  snitahle  man- 
oer.  Fly-wheels  are  employed  in  rolling-mills;  mints,  in  stationary  steam- 
engines,  watches^  and  in  grinding  machines. 

74.  Amongst  the  numberless  mechanical  arrangements  employed  for  the 
nrast  Taried  purposes,  there  are  two  which  we  consider  as  especially  worthy 
of  a  more  minute  description,  since  their  applications  are  intimately  con- 
nected with  our  most  necessary  wants ;  these  are  the  Jiour-mill  and  the  clock. 
A  knowledge  of  their  construction  appears  as  attractive  as  it  is  useful. 

The  Floub-Mill. 

75.  Most  of  oar  flour-mills  are  moved  by  water-pow^r.  The  water  either 
exerts  its  force  on  the  float-boards,  which  are  situated  on  the  under  part  of 
tie  wheel  (undershot-^heel),  or  it  flows  into  the  buckets  at  half  the  height 
of  the  wheel  (breastF^heel),  or  else  it  is  conducted  in  a  channel  over  the 
wheel  and  &Us  into  similar  buckets  on  the  front,  in  which  case  the  wheel 
is  called  an  or^ershot-^heel.  In  the  under-shot  wheel  the  water  acts  by  its 
Telocity,  and  in  the  breast-wheel  it  produces  rotation  by  its  weight  and  force, 
whilst  in  the  overshot-wheel  it  acts  chiefly  by  its  weight.  The  adoption  of 
other  of  these  wheels  depends  on  the  quantity  and  on  the  fall  of  the  water 
at  command. 
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In  fig.  50  we  have  given  a  representation  of  an  overshot  wheel  which 
tonis  the  axle  A.  This  axle  extends  to  the  mill,  and  by  means  of  two 
levelled  wheels  transfers  its  rotatory  motion  to  the  vertical  axle  B. 
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In  fig.  51  the  wheel  G  is  employed  to  turn  two  pairs  of  millstones,  of  the 
first  of  which  we  have  given  a  sectional  and  of  the  second  a  front  view.    For 
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this  purpose  two  toothed  wheels  E  and  D  are  movable  on  the  vertical  axles 
F  and  N,  and  may  be  regulated  in  such  a  manner  as  to  work  into  the  crown- 
wheel C^  and  in  this  case  the  stones  are  set  in  motion.  In  the  figure  the 
stones  on  the  right  are  supposed  to  be  in  motion,  while  those  on  the  left  hand 
are  at  rest  From  the  latter  we  will  pursue  the  interior  arrangement.  The 
axle  F  rests  below  by  a  peg  in  a  groove,  and  passes  above  through  the  floor 
P  and  through  the  millstone  which  rests  upon  it,  and  which  is  called  the 
under-stone.  On  its  upper  conical  end  this  axle  carries  the  second  mill-stone, 
called  the  ruuTierj  which  is  fastened  to  it  by  the  mill-iron,  and  is,  therefore, 
turned  round  with  the  axle.  Between  the  two  millstones  only  a  very  small 
space  intervenes,  and  it  is  of  the  greatest  importance  that  the  runner  rests 
exactly  on  its  centre  of  gravity,  in  order  to  preserve  a  uniform  distance  on 
all  sides. 

The  hole  in  the  centre  of  the  runner  is  not  perfectly  closed  by  the  mill- 
iron,  but  there  are  some  openings  left  which  allow  the  com  to  fall  down 
between  the  stones,  where  it  is  ground  into  flour  and  bran  by  the  rotation  of 
the  runner.  In  order  perfectly  to  crush  the  grain,  shallow  furrows  are  cut 
in  the  opposite  surfaces  of  the  stones,  and  act  in  a  similar  manner  to  the 
blades  of  a  pair  of  scissors.  By  the  centrifugal  motion  the  ground  com  is 
removed  from  between  the  two  stones  to  a  room  closed  on  all  sides,  and 
thence  carried  through  a  room  to  the  bolting  apparatus.  This  arrangement, 
which  serves  to  separate  the  flour  from  the  bran,  is  not  represented  in  the 
figure ;  it  is  set  in  motion  by  a  prolongation  of  the  axle  B. 

The  com  which  is  to  be  ground  is  introduced  into  a  funnel-shaped  box  I, 
called  a  hopper^  the  lower  opening  of  which  is  nearly  closed  by  a  little  in- 
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elined  box  L,  called  the  shoe.  On  a  prolongation  of  the  axle  'which  supports 
the  runner  are  several  pegs  K,  which,  in  turning,  repeatodlj  shake  the  shoe, 
w)  that  the  com  graduallj  slides  down  and  falls  into  the  aperture  of  the  runner. 

A  bell  C  is  made  to  ring,  to  inform  the  miller  when  the  hopper  is  nearly 
empty.  A  string  passes  from  the  bell  to  the  peg  6,  and  thence  over  a  pulley 
into  the  hopper.  To  the  end  of  the  string  is  attached  a  lar^e  but  light  piece 
of  wood,  which  on  filling  the  hopper  is  buried  by  the  miller  beneath  the  com, 
so  that  the  peg  h  is  at  such  a  height  that  it  cannot  be  touched  by  the  peg  a 
duriDg  the  rotation.  The  quantity  of  com,  however,  soon  becomes  so  small 
that- it  is  no  longer  sufficient  to  retain  the  piece  of  wood  in  the  same  position, 
and  the  ^g  h  descends  so  fiur  that  the  peg  a  causes  the  bell  to  ring  by 
toavhing  h  at  each  rotation. 

The  diameter  of  a  millstone  is  generally  about  4  feet,  the  mnner  makes 
about  70  rotations  in  a  minute,  and  a  pair  of  millstones  grind  in  24  hours 
from  500  lbs.  to  600  lbs.  of  com. 


The  Clock. 

76.  K  we  succeed  in  imparting  to  an  object  a  perfectly  uniform  motion, 

00  that  it  describes  an  equal  distance 
iD  the  same  time,  the  motion  may  be 
employed  as  a  measure  of  time,  and  it 
is  this  which  we  expect  of  a  good  clock. 
This  problem  would  be  easily  solved 
if  we  had  at  command  a  force  acting 
with  perfect  uniformity.  This,  how- 
ever, is  by  no  means  the  case,  since 
the  dttcending  weighty  as  well  as  the 
fprui^,  which  are  employed  most  ad- 
Tiatageously  to  set  our  clocks  in  mo- 
tiflo,  ezer^an  action  which  is  unequal. 

If  the  cord  (fig.  52)  to  which  a 
weight  is  suspended,  be  wound  on  a 
cjiiider  famished  with  a  toothed 
vheel  to  transmit  the  motion,  the 
ejlinder  is  set  in  rotation  by  the  de- 
K^Miing  weight,  slowly  at  first,  but 
900Q  increasing,  because  the  weight,  as 

1  falling  body  (§  26),  quickly  acquires 
aa  accelerated  velocity. 

We  may  employ  for  the  same  pur- 
pose a  ^rrn^  (fig.  53),  of  highly-elastic 
steel,  which  is  &stened  by  its  external 
extremity  to  a  fixed  point,  and  by  its 
ioaer  end  to  an  axis  which  is  capable 
tf  rotating  round  itself.'*'  If  the 
spriBg  be  now  wound  up  and  left  to 

'  This  is  the  arrangement  adopted  in  Geneva  watches.     Fig.  56  represents  the 
l^^iish  constroction. — ^£i>. 
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itself,  it  most',  by  virtue  of  its  elasticity,  cause  the  axis  to  rotate  in  on  oppo- 
site direction  (fig.  54).     In  the  first  moment,  when  the  spring  is  strongly 

contracted,  the  rotation 
is  very  rapid;  it  soon, 
however,  becomes  slower, 
and  finally  ceases  when 
the  spring  has  regained 
its  original  form.  Toothed 
wheels,  which  are  thus 
set  in  motion  by  weights 
and  springs,  would  attain 
a  motion  much  too  irre- 
gular to  cause  the  hand 
on  the  dial,  which  is  set 
in  motion,  to  traverse 
over  equal  spaces  every 
hour. 

77.  If,  however,  we 
check  the  unwinding  of 
the  cord,  which  is  caused 
by  the  descending  weight, 
by  means  of  a  regular 
resistance  acting  at  very 
short  intervals,  it  is  evi- 
dent that  the  weight  can* 
not  attain  an  accelerated  velocity,  consequently  the  cord  is  unrolled  slowly 
and  regularly,  and  imparts  to  the  cylinder  on  which  it  is  fastened,  and  also 
to  the  works  connected  with  it,  a  corresponding  movement.  If,  moreover,  a 
wound-up  spring  be  fastened  by  means  of  its  axis  to  a  combination  of  wheels, 
which  likewise  receives  a  transient  check  at  very  short  intervals,  the  spring 
cnnnot  be  relaxed  suddenly,  but  its  force  will  be  divided  over  a  longer  spaoe 
of  time. 

These  facts  led  to  the-ttsexyf  such  an  arrangement,  called  an  escapemefUy 
being  adopted  in  all  our  clocks. 

The  escapement  movement  is  most  perfectly  accomplished  by  the  aid  of 
the  pendulum,  since,  as  we  have  seen  in  §27,  tlwt  within  a  certain  limit«^ 
described  by  the  pendulum  all  its  oscillations  are  of  equal  duration. 

Fig.  55  represents  a  toothed  wheel  connected  with  the  axis,  on  which  the 
weight  acts,  and  above  it  is  suspended  a  pendulum,  the  upper  part  of  which, 
called  the  heamj  is  furnished  with  pallets  a  and  6,  for  the  purpose  of  catching 
the  teeth  of  the  wheel.  It  will  be  readily  seen  that  when  the  pendulum  is 
set  in  motion,  its  pallets  on  the  right  and  left  alternately  drop  in  the  teeth 
of  the  wheel,  and  must  produce  a  short  and  transitory  interruption,  thus 
transforming  the  accelerating  velocity  of  the  falling  weight  into  a  uniform 
velocity.  If  the  beam  have  a  horizontal  position,  both  teeth  would  simulta- 
neously drop  and  entirely  interrupt  the  rotation  of  the  toothed  wheel ;  hence 
it  is  that  we  may  entirely  stop  a  pendulum  clock  by  holding  the  pendulum 
for  some  seconds  in  a  vertical  position,  and  again  set  it  in  motion  by  moving 
it  gently  on  one  side. 
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78.  (Sreater  difficulties  are  presented 
in  the  regalation  of  a  watch,  since  a 
pendolum  cannot,  of  course,  be  em- 
plojed.  It  was  originally  endeavoured 
to  eompensate  the  action  of  the  spring 
bj  means  of  the  futee  (fig.  56),  an 
anangemeot  which  is  frequentlj  seen 
in  English  watches. 

The  conical  wheel  (fusee)  D^  which 
has  on  ^e  upper  part  a  spiral  plane,  is 
toined  rrnind  by  the  watch-key.  By 
menn  of  a  linked  chain  this  wdeel  is 
eooneeted  with  the  barrel  A^  on  which 
the  diain  is  fastened  and  wound.  To 
the  inner  aide  of  the  barrel  one  end  of 
the  spring  is  £fi8tened,  and  its  other  end 
is  held  bj  an  immovable  pin.  In 
mdxng  up  the  watch  the  chain  from 
the  birrd  is  wound  upon  the  circum- 
faenee  of  the  fusee,  the  box-wheel 
mkes  several  rotations  and  contracts 
the  spring,  which,  as  soon  as  the  works 
are  left  to  themselTes,  again  opens  and 
csoses  r3b&  barrel  A  to  rotate  in  an  op- 
poite  direction.  In  this  rotation  the 
hvrel  imparts,  by  means  of  the  chain, 
a  motioo  to  the  fiisee,  the  teeth  of 
which  set  the  whole  of  the  works  in 
motion.  Immediately  after  the  watch 
is  woond  up,  and  the  spring  most 
strawy  coDtraoted,  it  acts  by  means 
of  the  chain  on  the  highest  pkne  of 
the  fbsee,  which  is  of  the  smallest 
^azneter,  and  in  the  same  degree  as 
tfae  spring  is  unrolled  and  its  tension 
Riaxed,  the  planes  increase  in  size,  so  that  the  continually-decreasing  foroe 
aeti  OD  a  oontinoally-increasing  lever  arm.  In  this  maimer  the  inequality 
cf  the  motion  leoeives  a  suitable  compensation. 
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The  arrangement  just  described,  however,  is  insufficient  to  produce  a  per- 
fect regulation,  and  is  entirely  omitted  in  watches  furnished  with  the  im- 
proved escapement^  as  may  be  seen  in  the  following  figure,  which  represents 
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the  entire  works  of  a  watch,  and  in  which  all  the  axes  furnished  with 
wheels  are  made  longer  than  they  are  in  reality  for  the  sake  of  greater  per- 
spicuity.* It  should  be  mentioned  that  the  wheels  P  Q  R  S  form  the  hand- 
work, and  all  the  other  the  working  train  of  the  watch. 

By  means  of  the  winding  square  T,  the  spring  A  is  contracted,  or,  in 
other  words,  the  watch  is  wound  vp,  when  the  elasticity  of  the  spring  causes 
its  own  axis  to  rotate  in  an  opposite  direction,  as  well  as  the  toothed-wheel  0, 
which  is  fastened  upon  it,  and  which  is  called  the  great  wheel 

The  great  wheel  catches  first  in  the  pinion  D,  and  in  this  manner  moves 
the  hand-works.  The  tension  of  the  spring  and  the  action  of  the  escape- 
ment, to  be  described  hereafter,  should  be  regulated  in  such  a  manner  that 
the  axis  of  the  small  wheel  P,  which  is  called  the  minute-wheel,  turns  round 
once  in  an  hour.  On  the  end  of  this  axis  and  on  the  surface  of  the  dial  the 
minute-hand  is  fastened,  which  in  twelve  hours  describes  the  same  number 
of  rotations.  The  hour-hand,  however,  must  only  make  one  rotation  in 
twelve  hours.  It  should  first  be  observed  that  the  axis  of  the  hour-hand 
is  in  the  form  of  a  hollow  tube,  moveable  round  the  axis  of  the  minute- 
hand,  and  has  fastened  to  its  extremity  the  wheel  S.  Let  us  now  see  ia 
what  manner  the  twelve  rotations  of  the  minute-wheel  P  are,  by  means  of 
toothed-wheels  (§  71),  converted  into  one  rotation  of  the  hour-wheel  S.  For 
this  purpose  the  minute-wheel  is  furnished  with  eight  teeth,  and  catches  in 
the  other  wheel  Q,  which  has  twenty-four  teeth  ]  hence  the  axis  of  the  lat- 
ter, together  with  the  pinion  R  which  is  fastened  to  it,  makes  only  tArie'c 
rotation!  in  twelve  hours. 

The  pinion  R  has  eight  teeth,  which  catch  in  the  thirty-two  teeth  on  the 

*  The  arrangement  with  regard  to  the  spring  (fig.  57)  is  that  of  modern  Geneva 
watches,  while  the  escapement  is  the  old  vertical  escapement  of  ordinary  English 
watches. — Ed. 
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boor-wheel  S,  which,  consequently,  turns  round  only  once^  whilst  R  makes 
four  rotations  and  the  minute-wheel  twelve.^  .  i>v .' 

If  we  now  consider  the  entire  works,  we  observe  that  the  movement  is 
propagated  and  the  contrate-wheel  K  set  in  rotation  by  means  of  the  inter' 
medieUe  whed  E  E,  the  pinion  F,  the  third  wheel  G,  the  pinion  H ;  the 
eootrate-wheel  K  imparts  its  motion,  by  means  of  pinion  L,  to  a  horizontal 
axis,  with  its  peculiarly  toothed  escapement-wheel  M.  In  the  front  of 
the  escapement-wheel  we  observe  a  vertical  axis,  called  the  verge,  which  car- 
lies  00  its  upper  part  a  fly-wheel  N,  which  is  also  called  a  balance-wheel 
(§73),  whilst  lower  down  there  are  two  little  plates  of  steel  or  pallets,  i  i', 
the  mutual  distance  of  which  is  equal  to  the  diameter  of  the  escapement- 
wheel  M,  and  which  in  reference  to  their  position  with  the  verge  are  at  right 
angles  to  each  other.  The  last-mentioned  parts  form,  with  the  escapement- 
wheel,  the  esocrpeTnent  of  the  watch. 

If  a  tooth  on  the  upper  part  of  the  escapement-whcel  M  meet  the  upper 
ptlkt  i,  it  imparts  to  the  latter  a  slight  backward  motion ;  but  immediately 
aAerwaids  the  other  pallet  t  meets  with  an  under  tooth  of  M,  and  is  driven 
bj  it  ferwaids,  so  that  as  long  as  the  escapement-wheel  is  in  motion  the  pal- 
fas  tT  are  alternately  driven  backwards  and  forwards.  It  will  be  readily 
Ken  that  in  this  manner  the  spindle,  together  with  the  balance-wheel,  receive 
s  eorrespondiog  alternate  rotation,  describing  an  arc  of  a  circle.  But  as 
o^ten  as  a  pallet  comes  in  contact  with  a  tooth  of  the  escapement-wheel,  it 
neeires  a  Imckward  push  from  the  balance,  since  this  does  not  lose  the  whole 
of  its  velocity  by  the  encounter,  by  which  means  the  lMiiMa««piH^  is  some- 
what retarded.  

If  the  above-described  oscillations  of  the  balance-wheel  were,  like  those 
d  the  pendulum,  of  equal  duration,  the  resulting  retardations  would  also  be 
of  equal  duration,  and  the  movements  of  the  watch  would  be  regular.  This, 
however,  is  not  the  case,  because  the  spring  itself  is  the  moving  power 
which  primarily  causes  the  oscillations  of  the  balance  and  keeps  it  perpetu- 
ally in  motion,  so  that  the  inequalities  of  the  moving  force  are  propagated 
to  the  balance. 

If  we  employ  on  the  balance  another  very  small  spring,  these  irregulari- 
to  reoeire  an  important  compensation.  Such  a  contrivance,  which  is  also 
teraed  a  halanccy  or  pendulum-spring j  may,  like  the  pendulum,  be  set  in 

Qsetllatioos  of  almost  equal  duration  by  a  

9^t  blow,  with  this  difference,  however, 

th^  in  the  former  they  take  place  in  a 

vertical  and  in  the  latter  in  a  horizontal 

pbae,  and  that  with  the  former  the  oscil- 

btioos  are  maintained  by  gravitation,  and 

Bi  the  latter  case  by  the  elasticity  of  the 

^ring.     In  this  manner  it  has  been  pos- 

f&He  to  prodace  a  regular  escapement  in  the  movements  of  the  watch,  which 

attamed  to  the  greatest  exactness  since  the  adoption  of  the  balance-spring. 

Sioee,  according  to  what  has  been  stated,  the  watch  is  regulated  by  the 
oscOlations  of  the  balance,  these  must  be  of  certain  duration.  The  watch 
vonid  go  too  ^t  if  the  oscillations  were  too  quick,  and  in  the  opposite  case, 
too  thw '  we  musty  therefore,  adopt  a  means  of  imparting  to  the  oscillations 
of  tlie  balance-wbeel  the  required  duration.     This  is  done  by  making  the 
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spring  shorter  or  longer,  acoording  to  circamstanoes,  since  it  is  easily  to  be 
seen  that  its  tension  will  be  increased  by  shortening  and  decreased  by  length- 
ening, and  in  the  same  proportion  the  number  of  oscillations  within  a  certain 
time  will  increase  or  decrease. 
Such  a  contrivance  is  called  the  regulator  (fig.  59).    The  spiral  fastened 

to  the  stud  C  is  inserted  at  B  in  a 

,,. .^  groove  of  the  arm  A,  which  is  made 

m  one  piece  with  the  toothed  circular 
section.  The  result  of  this  is,  that 
only  from  the  point  B  the  elasticity 
of  the  spiral  exerts  its  influence.  If 
now  the  hand  D  is  moved  in  either 
the  one  or  the  other  direction,  a  cor- 
responding motion  of  the  arm  A  18 
produced  by  the  catching  of  the 
teeth,  the  stationary  portion  B  G  of 
the    spiral    becomes    shortened    or 

^^^ --^ "''  lengthened,  and  in  this  manner  the 

59^  oscillations  are  made  of  the  required 

duration. 

79.  Cylinder  watches  are  distinguished  from  the  above-described  lever 
watches,  by  the  escapement  in  the  latter  being  performed  by  the  vertical 
wheel  M  (ng.  57),  whilst  in  the  cylinder  watches  the  teeth  of  a  horizontal 
wheel  catch  in  the  hollow  and  peculiarly-cut  axis  of  the  balance,  which  is 
called  a  cylinder.  This  arrangement  has  the  advantage  that  the  cylinder 
watches  can  be  made  very  fl^t,  becoming  thereby  more  convenient  to  carry, 
and  which  may  be  recognised  even  by  their  exterior. 

80.  Regarding  the  history  of  clocks,  it  may  .be  remarked  that  wheel 
clock-work  was  unknown  to  the  ancients,  and  in  reference  to  the  time  and 
by  whom  the  discovery  was  first  made  much  uncertainty  prevails.  Artificial 
wheel-works,  especially  those  employed  for  astronomical  purposes,  were  first 
found  in  convents,  and  in  these  also  the  first  clocks  moved  by  weights  might 
have  existed. 

The  discovery  of  the  watch  is  generally  ascribed  to  Peter  Hde  in  1500, 
and  his  watches,  in  consequence  of  their  shape,  were  called  Nuremberg  eggs. 

On  the  other  hand,  it  is  certain  that  the  reauisite  exactness  in  the  going 
of  clocks  was  first  attiuned  by  the  distinguished  Dutch  philosopher  Huygens 
in  1657,  who  first  carried  out  the  idea  of  employing  the  pendulum  and  the 
spiral  to  the  regulation  of  time-pieces. 

EQuiuBRinM  OP  Fluids  (Hydrostatics). 

81.  A  fluid  is  in  a  state  of  equilibrium  when  all  the  particles  on  its  sur- 
face are  equidistant  firom  the  centre  of  the  earth.  Hence  the  surface  of  a 
fluid  in  a  state  of  rest  must  have  the  form  of  the  segment  of  a  globe.  This 
is  really  the  case,  as  may  be  observed  with  lar^  masses  of  water, — for 
instance,  the  surface  of  the  sea.  Smaller  surfiuses  of  fluids  appear,  however, 
when  in  equilibrium,  as  perfect  planes  at  right  angles  with  the  direction  of 
gravity. 

K  a  higher  position  be  given  to  one  portion  of  a  liquid  than  to  another. 
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the  ooDseqnence  of  the  slight  disarrangement  of  the  particles  is  a  eoctinnoos 
motion,  until  the  state  of  equilibrium  is  re-established.  The  flowing  of 
rirers  towards  the  sea  is  owing  to  the  tendency  of  the  water  on  the  siurface 
of  the  earth  to  maintain  itself  in  equilibrium. 

As  a  consequence  of  the  ratio  of  equilibrium  in  fluids,  the  surfaces  of 
liquids,  contained  in  vessels  having  one  part  wider  than  the  other,  or  in  dif- 
£erent  vessels  in  communication,  invariably  stand  at  equal  heights  from  the 
bases  of  the  vessels.  Thus  in  watering-pots,  tea-pots,  or  oil-lamps,  the  liquid 
is  always  found  to  stand  as  high  in  the  narrow  spouts  as  it  does  in  the  wider 
portions  of  the  vessels.  If  a  stream  of  water  be  conducted  from  a  height 
to  a  plane,  the  reservoir  will  form,  as  it  were,  a  vessel  connected  with  the 
spring  by  the  conducting  pipes,  and  the  water  will  attain  a  similar  height  in 
hAh  parts.  Thb  phenomenon  familiarly  explains  the  formation  of  fountains. 
The  tides  of  vessels  containing  liquids  also  suffer  a  pressure,  which  for  equal 
parts  of  the  walls  is  the  greater  the  nearer  these  parts  are  situated  to  the 
bottoms  of  the  vessels.  That  this  pressure  may  be  employed  as  a  motive 
power  may  be  shown  by  suitable  arrangements,  as  in  Segner's  wheel  and  in 
the  turbitu. 

82.  The  amount  of  pressure  sustained  by  the  bottom  of  a  vessel  filled 
with  a  liquid,  does  not  depend  on  the  amount  of  liquid,  but  upon  its  height 
in  the  vessel  and  the  extent  of  the  vessel's  base.  It  may  be  proved  by 
decisive  experiments  that  if  the  heights  and  the  bases  of  different  vessels 
are  equal,  as  is  the  case  with  those  represented  by  figs.  60,  61,  62,  and  63, 


60.  61.  62.  68. 

the  pressure  sustained  by  the  bottoms  of  the  vessels  will  be  in  all  cases  per- 
fectly equal,  although  the  amount  of  liquid  they  contain  varies  to  a  consi- 
derable extent,  as  shown  by  the  figures.  A  very  great  pressure  may,  there- 
fcfe,  be  obtained  with  a  very  small  amount  of  liquid,  if  it  be  poured  into  a 
very  narrow  and  high  tube,  widening  considerably  towards  the  base.  The 
aoiount  of  pressure  obtained  is  the  same  as  if  the  tube  were  of  equal  width 
^  whole  way  up. 

If  a  cubic  inch  of  water  weighs  }  oz.,  the  base  of  the  vessel  measures 
32  square  inches,  and  the  height  of  the  liquid  1  inch,  the  base  sustains  a 
pressure  of  1  x  32  cubic  inches,  equal  therefore  to  1  lb.  of  water. 

Assuming  the  height  of  the  column  of  liquid  to  be  100  inches,  the  pres- 
BEK  sustained  by  the  base  is  100  X  32  cubic  inches,  or  100  lbs.  of  water. 

83.  If  one  portion  of  the  surface  of  a  liquid  be  exposed  to  a  certain  pres- 
Boie,  the  pressure  becomes  equally  dispersed  in  all  directions. 

In  illustration  of  this,  a  vessel,  closed  on  all  sides,  is  provided  with  two 
openings,  each  a  square  inch  in  diameter,  one  at  the  top  and  another  at  the 
ffiie.  The  latter  opening  is  closed  with  a  cork :  the  vessel  is  then  filled 
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completely  with  water,  and  the  liquid  is  pressed  upon  by  a  piston,  through 
the  upper  opening,  with  a  force  equal  to  100  lbs.  Every  portion  of  the  sides 
of  the  vessel,  measuring  1  square  inch,  has  now  to  bear  100  lbs.  pressure. 
If  the  surface  of  the  vessel  is  60  square  inches,  the  total  pressure  on  its 
sides  will  amount  to  60  X  100  =  6000  lbs.  The  cork  in  the  lateral  opening 
has  to  bear  a  pressure  of  100  lbs.  If  it  cannot  withstand  this,  it  is  of  course 
forced  out.  Supposing  the  lateral  opening  to  be  2  square  inches  in  size  and 
to  be  closed  by  a  plate,  the  latter  must  be  pressed  against  the  opening  from 
the  outside  with  a  force  of  200  IJw.,  in  order  to  counterbalance  the  inward 
pressure. 

84.  The  hydraulic  press  is  constructed  upon  the  above  principles. 

In  fig.  64,  A  B  represents  the  bottom  of  a  hollow  cylinder,  into  which  is 
fitted  the  piston  P :  into  the  bottom  of  this  cylinder  there  is  introduced  a 

1^  pipe  C  leading  from  the  forcing  pump  D ;  water 

.      .^^      .    is  supplied  to  this  pump  by  a  cistern  below,  from 
\  which  is  led  the  pipe  E,  furnished  with  a  valve 

I   I  opening  upwards  at  the  point  where  it  is  joined  to 

the  pump-barrel.  Where  the  pipe  C  enters  into 
the  pump-barrel  there  is  also  a  valve  opening  out- 
wards into  the  pipe ;  consequently  when  the  piston 
D  rises  this  valve  shuts,  the  valve  of  the  cistern- 
pipe  opens,  and  the  fluid  rises  into  the  pump- 
barrel.  Whep  the  piston  begins  to  descend,  the 
cistern-valve  closes,  and  the  water  is  forced  through  the  pipe  C  into  the  large 
cylinder  A  B ;  and  by  the  law  of  fluids  above  alluded  to,  whatever  pressure 
may  be  exerted  by  the  piston  D  on  the  surface  of  the  water  in  the  pump 
will  be  repeated  on  the  piston  of  the  large  cylinder  A  B,  as  many  times  as 
the  area  of  the  small  piston  D  is  contained  in  the  area  of  the  large  piston 
A  B ;  that  is,  if  the  area  of  the  pump-piston  were  1  square  inch,  and  that 
of  the  cylinder  100  inches,  and  if  the  piston  were  forced  down  with  a  pres- 
sure of  10  lbs.,  then  the  whole  pressure  on  the  bottom  of  the  piston  A  B 
would  be  10  X 100  =  1000  lbs. 
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Figs.  65  and  66  give  a  correct  idea  of  the  most  improved  construction  of 
the  press.  ¥ig.  65  is  a  section,  and  fig.  66  a  complete  representation  on  a 
small  scale  of  the  hydraulic  press.  The  piston  s  is  raised  hy  the  lever  I, 
and  the  water  of  the  reservoir  b,  pressing  through  the  perforated  vessel  r, 


Ms  the  valye  i,  and  thus  gets  beneath  the  piston  s.  If  we  press  down  the 
lever  /,  the  piston  s  goes  down,  the  water  is  forced  back,  closes  the  valve  t, 
raises  the  valve  d,  and  runs  through  the  tube  tbu  into  the  cylinder  c  c/  of  the 
press ;  here  it  presses  against  the  piston  p,  which  it  lifts  with  the  plate  p'^ 
and  thus  the  body  to  be  acted  on  is  compressed  between^'  and  the  fixed  plate  e. 

To  prevent  the  machine  from  bursting,  a  safety-valve,  capable  of  over- 
coming a  given  pressure,  is  employed,  and  for  the  purpose  of  adfnitting  the 
water,  or  drawing  it  from  the  large  cylinder,  the  press  is  furnished  with  a 
stop-cock.  From  the  facility  of  operating  with  this  machine,  and  its  great 
power,  it  is  now  applied  to  many  purposes. 

85.  Let  US  picture  to  ourselves,  in  a  vessel  filled  with  a  liquid,  in  a  state  of 
perfect  eqoilibrium,  a  certain  portion  of  this  liquid,  situated  in  the  centre  of 
the  whole,  and  submit  it  to  a  closer  examination.  The  dark  part  A',  in  fig.  67, 
may  be  considered  to  represent  this  portion.  Now,  it  would  certainly  not 
occupy  the  position  that  it  does,  if  it  were  not  maintained  there  by  the  pres- 

fiore  exerted  on  all  sides  by  the  remaining  liquid.     It  is  . 

evidently  pressed  downwards  by  the  upper  portion  of  the 
fluid,  but,  as  it  does  not  sink,  the  liquid  situated  below  it 
most  necessarily  exert  an  equal  upward  pressure.  It  is  re- 
tained equally  in  equilibrium  by  the  portions  of  liquid  pres- 
sing at  the  sides.  The  portion  h'  is,  therefore,  kept  in  per- 
fect eqailibrium  by  the  liquid  surrounding  it ;  its  tendency 
to  sink,  by  the  force  of  its  gravity,  being  counteracted  by  the  67. 

pressure  from  below.  If  it  were  possible  to  suspend  it  by  a 
thread  to  the  beam  of  a  balance,  the  equilibrium  of  the  latter  would  be  as 
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little  disturbed  as  if  it  were  connected  by  a  thread  to  a  weight  lying  upon, 
and  therefore  supported  by,  a  table. 

If  this  portion  h!  of  the  liquid  were  replaced  by  another  body  of  equal 
weight  and  Tolumo,  this  would  obviously  bear  the  same  relation  to  the  sur- 
rounding liquid^  and  would  be,  therefore,  just  as  completely  supported. 

Suppose  the  body  immersed  to  have  the  same  volume,  but  to  be  lighter  or 
heavier  than  the  liquid  displaced  —  even  then,  the  pressure  exerted  by  the 
surrounding  liquid  is  the  same  in  every  case ;  if  the  body  is  lighter  than  the 
water  displaced,  it  will  not  retain  its  equilibrium,  and  will,  therefore,  rise  to 
the  surface ;  but  if  it  is  heavier,  the  surrounding  liquid  will  oertainly  counter- 
balance a  portion  of  its  weight,  but  not  the  whole,  and  the  body  will  conse- 
quently sink  to  the  bottom. 

86.  The  following  law  was  established  by  Archimedes :  If  a  body  be  im» 
merged  in  a  Jluid,  a  portion  of  its  toeight  wiU  be  sustmined  by  the  fiuidf 
egucd  to  the  weight  of  the  fluid  displaced, 

A  few  common  examples  will  serve  as  proofs  of  this  theorem.  A  pail  filled 
with  water  may  be  lifted  about  with  ease  as  long  as  it  is  immersed  in  water, 
its  whole  weight  being  supported  by  the  latter.  But  if  the  pail  be  taken  out 
of  the  water,  an  amount  of  force,  equal  to  its  entire  weight,  will  be  required 
to  lift  it.  In  the  same  manner  a  man  may  be  lifted  and  moved  about  in  the 
water  with  the  force  of  one  finger. 

87.  One  cubic  inch  of  water  weighs  about  half  an  ounce  (more  exactly, 
252}  grains).  Any  other  substance,  for  instance,  a  piece  of  lead,  is  weighed 
first  in  air;  as  usual;  and  found  to  weigh  11  ozs.  If  it  is  then  weighed  while 
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immersed  in  water,  as  shown  at  fig.  68,  the  latter  will  be  found  to  support 
about  1  oz.  of  its  weight.  This  experiment  shows  that  11  ozs.  of  lead  occupy 
the  same  space  as  1  oz.  of  water  (or  nearly  2  cubic  inches).  From  this  we 
oondudo;  Uiat  lead  is  eleven  times  heavier  than  water. 
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This  is  the  method  generally  adopted  for  determining  the  den- 
aitj  or  specifio  gravity  of  bodies. 

88.  It  may  be  easily  oonoeived  that  the  heavier  a  fluid  is,  the 
greater  will  be  the  weight  of  a  body  immersed  therein,  that  it  is 
capable  of  supporting. 

According  to  the  table,  §  34,  the  relations  of  the  densities  of 
alcohol,  water,  and  sulphuric  acid,  are  expressed  by  the  figures 
0-79:1:1-85. 

A*  glass  tube,  similar  in  shape  to  that  represented  by  fig.  69, 
which  is  loaded  at  the  bottom  with  a  little  mercury  or  a  few  shot, 
to  give  it  a  vertical  position  when  immersed,  will  evidently  not  sink 
to  an  equal  depth  in  all  three  of  these  liquids.  If  it  sinks  to  half 
its  length  when  immersed  in  water,  it  will  sink  still  lower  in  al- 
ec^l,  that  liquid  being  lighter  than  the  former,  while  in  sul- 
phuric add,  which»is  so  much  heavier  than  water,  it  will  not  sink 
learly  so  deep. 

These  instruments,  which  are  termed  hydrometers  or  areometers^ 
are  particularly  adapted  for  comparing  the  densities  of  different 
fioids :  they  are  employed  under  different  names,  according  to  the 
porposes  to  which  they  are  applied. 


Equilibrium  of  Gases. 

89.  We  have  become  acquainted,  at  §§  8  and  17,  with  the  properties  by 
which  aeriform  bodies  or  gases  are  so  easily  distinguished  from  fluids  and 
solids. 

In  our  examination  of  these  properties  we  shall,  for  our  examples,  gene- 
lally  select  the  air  that  surrounds  us,  as  everything  that  may  be  remarked 
as  to  its  general  properties  holds  good  equally  with  the  other  gases. 

The  particles  of  air  are  maintamed  at  such  a  distance  by  heat,  that  their 
mutual  attraction  appears  to  cease  altogether.  The  particles  aaaa  (fig.  70), 
existing  within  a  certain  space,  do  not  appear  to 
have  any  tendency  to  approach  in  the  direction 
denoted  by  the  arrows,  on  the  contrary  they  ex- 
hibit an  inclination  to  increase  the  distance  be- 
tween each  other,  by  moving  in  the  course  shown 
by  the  arrows  in  ^g,  71. 

Gases  are,  therefore,  considered  to  be  bodies, 
the  particles  of  which  exhibit  a  tendency 
to  move  away  from  each  other  continu- 
ally:  this  property  is  ascribed  to  the 
action  of  a  peculiar  kind  of  force,  termed 

90.  We  will  now  see  what  deductions 
may  be  made  from  this  property  of 
gaseous  bodies.  If  the  same  space  of 
air  be  assumed  as  enclosed  in  a  vessel 
(%.  72),  the  particles  a,  possessing  the 
tendency  to  move  away  from  each  other,  will  exert  a  pressure  on  the  sides 
of  the  veiBseL 
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This  ezpansiye  property  of  gases  is  called  their  dasticUy  or  tendon. 
If  we  imagine  the  vessel  Qfig.  72)  expansible  to  four  times  its  size,  by  a 
peculiar  construction  of  its  siaes^  as  shown  in  fig.  78,  the  particles  a  will  in 
consequence  move  to  a  greater  distance  from  eacn  other.  While,  therefore, 
the  sides  of  the  vessel  (fig.  72)  had  to  sustain  a  pressure  of  4  a,  a  portion  of 
the  vessel  (fig.  73),marKed  m  n  op^  equal  in  size  to  the  former  vessel,  has  to 
withstand  only  one-fourth  of  that  pressure,  or  1  a. 
m      n  On  reversing  this  experiment,  by  compressing  the 

air,  as  in  fig.  74,  to  such  an  extent  that  it  occupies 
only  one-fourth  of  its  original  space  (fig.  75),  it  is 
evident  that  the  sides  of  the  vessel  (fig.  75),  will 
have  to  sustain  a  pressure  of  4  a,  while  a  portion  of 
the  vessel,  mnop  (fig.  74),  equal  in  size  to  the 
former,  will  have  to  sustain  only  a  fourth  part  of  that  pressure,  or  1  a. 

91.  In  the  foregoing  examples  we  had  the  same  quantity  of  air  exisUng 
in  different  states  of  expansion  and  elasticity ;  and  we  saw  clearly  that  its 
elasticity  decreases  with  increasing  expansion,  whilst,  on  the  other  hand,  it 
\  gains  in  elasticity  when  compressed  into  a  smaller  space. 

This  relation  between  expansion  and  elasticity  obeys  a  certain  law,  which 
may  be  expressed  thus :  the  dasticUy  ofagcis  standi  in  tnvene  ratio  to  the 
space  it  occupies. 
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With  the  same  amount  of  air,  therefore — 


Occupying  the  space  of    1 
The  tension  is  1 
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92.  Hence,  by  compressing  air  into  a  very  small  space,  by  means  of  proper 
apparatus,  we  can  increase  its  tension  to  such  an  extent  as  to  apply  it  to  the 
production  of  powerful  effects. 

The  air-gun  (fig.  76)  is  an  example  of  the  application  of  this  power,  but 
a  still  more  familmr  one  is  the  popgun^  a  well-known  toy  (fig.  77.)     The 
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space  A  is  enclosed  by  the  two  stoppers  pp.  On  the  stopper  p  nearest  to 
the  piston  being  pushed  farther  into  the  cylinder  by  the  rod  S,  the  air  con- 
tained in  the  space  A  is  compressed  until  ita  tension  becomes  so  great  as  to 
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driTe  oat  the  stopper  at  the  mouth  of  the  cylinder  with  great  force,  accom- 
panied bj  a  report.  The  stopper  p  may  be  considered  as  a  moveable  side 
of  the  vessel  A^r-^^' 

93.  The  tendency  of  the  particles  of  gases  to  repel  each  other  would  soon 
eanse  the  air  to  be  dispersed  over  the  whole  universe  if  it  were  not  influ- 
enced and  retained  by  the  attractive  force  of  the  earth.  The  latter  is,  there- 
fore, surrounded  by  the  air,  as  a  kind  of  covering,  which  we  term  atmosphere^ 
and  which  has  a  height  of  about  30  or  40  miles. 

Another  result  of  the  attraction  of  air  by  the  earth  is  the  pressure  which 
the  former  exercises  upon  every  substance  on  which  it  rests.  This  pressure 
may  be  measured^  or,  in  other  words,  the  weight  of  the  air  may  be  deter- 
mined. 

For  this  purpose,  a  hollow  glass  globe  is  filled  with  air  and  accurately 
weighed.  The  air  is  then  removed  from  the  globe  by  means  of  the  air- 
pamp,  and  the  globe  again  weighed.  The  difference  between  the  two  results 
^  the  weight  of  the  air  contained  in  the  globe. 

The  density  of  the  air  has  been  found,  by  this  method,  to  be  770  times 
ksB  than  that  of  water.  Supposing  the  globe  with  which  the  experiment 
is  made  to  contain  exactly  1  oz.  of  air,  it  would,  when  filled  with  water,  hold 
exactly  770  ozs.  of  the  latter;  770  cubio  inches  of  air  weigh,  therefore,  as 
much  as  1  cubic  inch  of  water. 

94.  We  are  acquainted  with  several  gases  besides  atmospheric  air  which 
ire  possessed  of  different  densities :  thus,  for  instance,  hydrogen  is  14  timts 
lighter  than  air;  the  density  of  chlorine  gas  is  2}  times,  and  that  of  car- 
knic  acid  gas  1  i  times,  greater  than  that  of  air. 

The  application  of  gases  lighter  than  air  to  aerogtatics  will  be  described 
hereafter. 

95.  The  pressure  exerted  by  the  air  may  be  indicated  and  determined 
eren  without  the  use  of  the  balance. 

The  bent  glass  tube  (fig.  78,  A)  is  supposed  to  contain  mercury.     As  we 
have  seen  at  §  81,  the  surfaces  of  the  liquid 
must  be  equally  high  in  both  arms ;  hence  it  is 
evident  that  the  column  of  mercury  a  b  holds 
the  odonm  cdin  perfect  equilibrium. 

The  opening  a  is  now  closed  air-tight  by 
Beans  of  a  cork,  and  one-half  of  the  mercury 
is  removed  from  the  tube  by  inclining  and 
rfiaking  it.  The  mercury  wiU  now  be  found 
not  to  stand  equally  high  in  both  arms,  but  to 
remain  in  the  one  arm,  as  shown  at  fig.  78,  B. 
What  is  it  that  now  holds  the  column  of  mer- 
CDiy  in  equilibrium  ?     Evidently  nothing  else  7g, 

than  the  column  of  air  pressing  into  the  other 

um,  and  which  we  may  imagine  as  extending  upwards  to  the  confines  of  the 
ttioQgphere. 

On  removing  the  cork  from  the  opening  a,  the  mercury  will  immediately 
&11  and  stand  at  an  equal  height  in  both  arms  of  the  tube,  as  seen  at  G. 
The  air,  pressing  equally  on  both  openings  of  the  tube^  once  more  maintains 
tie  equilibrium  (comp.  §  49). 

96.  The  result  of  the  experiment  is  slightly  different  if  a  glass  tube  of 
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coDsiderable  length  is  employed,  each  arm  being  about  36  inches  high.  It 
will  be  found,  on  conducting  the  experiment  as  above,  that  the  mercury  will 
not  remain  perfectly  stationary  in  the  one  arm,  but  will  fall  to  a  certain 
point  c  (fig.  79).  In  measuring  the  height  of  the  column  of  mercury 
remaining  in  the  arm,  from  b  to  c,  it  will  be  found  to  be  29*9  inches  or  760 
millimeters  in  height 

97.  This  clearly  proves  that  the  air  cannot  maintain  in  equilibrium  a 
column  of  mercury  of  any  indefinite  height. 

Assuming  that  the  tube  employed  measures  one  square  inch 
in  the  bore,  the  two  forces  that  maintain  each  other  in  equili- 
brium are,  on  the  one  side,  a  column  of  mercury,  1  square  inch 
in  thickness  and  29-9  inches  high,  consisting  therefore  of  29*9 
cubic  inches  of  mercury,  and,  on  the  other  side,  a  column  of 
air,  1  square  inch  in  thickness,  but  of  the  height  of  the  atmo- 
sphere. 

The  weight  of  the  above  column  of  mercury  is  about  144  lbs. 
(see  §  33) ;  a  column  of  air  of  1  square  inch  in  thickness,  and 
of  the  height  of  the  atmosphere,  must  therefore  likewise  weigh 
14|  lbs.  As  the  air  surrounds  the  earth  and  every  object 
thereon,  and  as^  the  pressure  of  the  atmosphere  acts  in  all  di- 
rections similafjj.to  that  of  water  (comp.  §  83),  every  square 
inch  (fig.  80)  of  the  surface  of  a  body  situated  in  the  air  has 
continually  to  sustain  a  pressure  of  14|  lbs. 

Supposing  the  surface  of  a  table  to  measure  1  square 
meter  =:  1550  square  inches,  it  would  have  to  sustain 
a  pressure  of  1550  x  14-8  =  22,940  lbs. 

The  surface  of  the  body  of  a  grown  person  measures 

about  1  square  meter.    The  atmospheric  pressure  that 

such  a  person  has  continually  to  sustain  is,  therefore, 

equal  to  the  enormous  weight  of  22,940  lbs.    We  are, 

however,  not  in  the  least  sensible  of  this  pressure,  as 

the  air,  pressing  equally  on  all  sides,  maintains  itself 

in  equilibrium.     If  the  atmospheric  pressure  could  be 

suddenly  removed  from  the  one  side  of  a  man,  he  would 

receive  a  blow  on  the  other  side  equal  to  11,470  lbs.,  a  force 

which  no  human  strength  could  withstand. 

98.  The  barometer  (fig.  81)  is  the  most  simple  instrument 
for  measuring  the  atmospheric  pressure.  It  consists  of  a  glass 
tube  several  lines  in  width  and  from  36  to  40  inches  in  height, 
and  sealed  at  one  end.  It  is  filled  perfectly  with  mercury, 
its  open  end  being  closed  with  the  finger,  and  then,  as  in 
fig.  81,  immersed  in  mercury,  and  again  opened.  The  mer- 
cury in  the  tube  will  now  fall  to  the  point  «,  which  is  30 
inches  above  the  surface  of  the  mercury  in  the  vessel  a.  This 
distance  is  called  the  height  of  the  barometer.  In  this  case 
also,  the  column  of  mercury  is  evidently  maintained  in  equi- 
librium by  the  atmospheric  pressure  acting  upon  the  surface  a. 
The  question  now  arises,  what  does  that  portion  of  the  tube 
above  the  column  of  mercury  contain  ?  Nothing  but  a  per. 
fectly  empt^  space,  which  has  been  named;  after  the  disco- 
81.  verer,  the  Torriceilian  vacuum. 
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For  a  good  barometer,  the  tube  employed  should  not  be  too  narrow ;  its 
bore  should  be  at  least  three  or  four  lines  in  diameter.  The  glass  and  mer- 
cury must  be  perfectly  clean  and  pure,  and  the  vacuum  must  of  course  not 
c^uitain  a  trace  of  air,  as  the  latter  would  exert  its  tension  in  overcomiug  a 
portion  of  the  atmospheric  pressure.  In  order  to  prevent  the  possibility  of 
the  presence  of  any  air,  the  mercury  b  for  some  time  heated  or  boiled  in 
the  tube,  or  before  it  is  poured  into  it. 

99.  Observation  has  shown  that  the  mercury  in  one  and  the  same  baro- 
neter  does  not  at  all  times  stand  at  an  equal  height ;  hence  it  follows  that 
the  pressure  of  the  atmosphere  is  not  always  and  everywhere  the  same. 

The  variations  in  the  height  of  the  barometer  are  termed  its  rising  and 
faUing, 

If  a  barometer  stands  at  30  inches  at  the  sea-side,  and  if  it  be  afterwards 
taken  to  the  top  of  a  mountain,  the  column  of  mercury  will  no  longer  stand 
at  the  same  height.  The  higher  the  place  of  observation^  the  lower  will  the 
hannneter  &1L 

This  is  easily  accounted  for.  The  distance  from  the  summit  of  a  moun- 
tua  to  the  confines  d  the  atmosphere  is  evidently  less  than  from  the  sea- 
shote.  The  column  of  air  pressing  upon  the  barometer  at  a  certain  height 
is  shorter  in  proportion  to  this  height :  the  force  of  its  pressure  is,  therefore^ 

The  barometer  is  consequently  an  instniment  of  the  greatest  importance 
for  determining  altitudes :  it  may  be  constructed  for  travellers  so  as  to  be 
tnasportable,  and  has,  in  this  state,  already  been  taken  by  natural  philoso- 
phers to  the  highest  summits  of  the  Alps,  the  Andes,  and  the  Cordilleras. 

100.  The  height  of  the  barometer  is,  however,  influenced  by  other  causes, 
besides  the  altitude  of  the  place  of  observation,  which  frequently  render  it 
subject  to  certain  variations.  Severe  tempests,  which  arise  from  great  dis- 
torbances  in  the  equilibrium  of  the  air,  and  earthquakes,  are  generally  pre- 
ened by  a  oonsiderable  &11  of  the  barometer. 

If  the  air  contain  much  aqueous  vapour,  as  it  generally  does  in  fine  and 
warm  weather,  the  pressure  of  the  air  is  increased  by  the  tension  of  the 
vapour:  at  such  times  the  barometer  will  stand  very  high. 

Bat  when,  on  the  cooling  down  of  the  air,  the  vapours  lose  their  tension, 
the  pressure  of  the  atmosphere  will  of  course  decrease,  and  the  barometer 
£dL  The  condensed  vapours  soon  render  themselves  visible  in  the  form  of 
doodsand  rain. 

As  the  barometer  indicates  these  changes  long  before  the  clouds  and  rain 
make  their  appearance,  it  may  be  considered  as  a  prophet  of  the  weather, 
and  is  to  be  found  in  that  capacity  in  many  houses. 

101.  The  atmosphere  is  not  equally  dense  at  every  height.  Its  density  is 
greats  at  the  surface  of  the  earth;  the  lower  strata  of  air  having  to  sustain 
the  pressure  of  those  above. 

The  decrease  of  atmospheric  pressure  is  observed  to  be  considerable  even 
on  the  summits  of  very  high  hills.  If  a  bottle,  filled  with  air  and  well 
cori^ed,  be  taken  to  a  great  height,  the  cork  will  be  forced  out  of  the  bottle. 
The  blood  is  driven,  by  the  action  of  the  heart,  with  a  certain  force,  into  the 
iscst  and  most  delicate  veins  in  the  extremities  of  the  human  body,  which 
are,  however,  capable,  under  the  ordinary  pressure,  of  withstauding  this 
bm.    At  altitudes  of  24,000  and  26,000  feet^  however,  where  the  atmo- 
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spheric  pressure  on  the  surface  of  the  hody  is  much  lessened,  these  small 
blood-vessels  burst,  the  blood  forcing  its  way  through  them.  The  air  at  these 
heights  is  likewise  no  longer  sufficiently  dense  for  perfect  respiration. 

102.  The  tension,  or  the  expansive  property,  of  the  air,  affords  us  a 
means  of  rarefying  it  in  closed  vessels,  to  such  an  extent  that  the  latter  may 
be  almost  considered  as  free  from  air.  The  instruments  used  for  this  pur- 
pose are  called  air-pumps. 

Let  us  examine  the  construction  of  such  an  instrument  (fig.  82).  In  a 
cylinder  a,  which  must  be  perfectly  well  finished,  the  piston  h  moves  by 

means  of  the  rod  c,  which  must 
be  perfectly  air-tight,  no  air 
being  able  to  escape  between 
the  piston  and  the  cylinder.  In 
the  piston  there  is  a  valve  s, 
which  must  move  easily,  and 
open  upwards.  It  rises  when 
the  pressure  from  below  is 
greater  than  from  above,  but 
otherwise  remains  hermetically 
closed.  The  rod  €  c^  is  the 
valve  for  the  cylinder.  If  the 
piston  be  raised,  the  whole  rod 
is  lifted  up,  but  d  soon  strikes 
the  upper  plate  of  the  cylinder, 
and  the  piston  moves  with  some 
friction  along  the  whole  rod. 
As  soon  as  the  piston  descends, 
the  truncated  cone  e  is  pressed 
into  the  conical  opening  below  it,  so  that  the  upper  sur^Eice  of  the  cone  e 
and  the  bottom  of  the  cylinder  form  a  plane  surface,  and  the  piston  may, 
therefore,  rest  perfectly  on  this  bottom. 

From  the  above-mentioned  conical  opening  a  canal  goes  on  to  v.  Here 
there  is  a  screw,  to  which  may  be  attached  the  balloons  or  receivers  that  are 
to  be  exhausted. 

The  screw  v  is  in  the  middle  of  a  plate  p^  on  which  the  bell  h  may  be 
placed.  Let  us  assume  that  the  piston  is  on  the  lower  plate  of  the  cylinder. 
If  then  it  be  raised,  a  vacuum  will  be  formed,  provided  all  the  valves  remain 
shut;  but  the  valve  e  is  opened,  and  air  from  the  bell  passes  partly  over  to 
the  cylinder. 

But,  by  this  means,  the  air  in  the  bell  and  in  the  canal  of  the  bell  is  rare- 
fied, and,  consequently,  the  valve  s  in  the  piston  must  remain  closed.  On 
the  descent  of  the  piston  the  valve  at  e  is  shut,  and  all  passage  closed  for 
the  return  of  the  air  from  the  cylinder  into  the  bell.  The  air  thus  shut  in 
will  escape  through  the  valve  s,  until  the  piston  reaches  the  bottom  of  the 
cylinder.  Another  upward  stroke  of  the  piston  produces  a  fresh  rarefication 
in  the  bell. 

By  repeating  this  operation,  the  air  is  continually  rarefied  until  its  tension 
no  longer  suffices  to  lift  the  valve  e;  in  which  case  no  farther  rareitation  can 
be  produced. 

We  now  proceed  to  illustrate  this  remarkable  phenomenon. 
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Zlie  bdl  new  no  loDger  oontains  any  air,  the  tenmon  of  whicb  would  conn- 
tenet  the  preesore  of  the  extenial  atmosphere  upon  the  bell.  The  latter 
is^  there&re,  pressed  down  with  such  power  upon  the  plate,  that  it  cannot 
be  remoTed  bj  the  application  of  considerable  force.  It  is  onlj  after  admis- 
aon  of  air  into  the  bell  by  means  of  a  stop-oook,  that  we  are  once  more 
eoabl^  to  remove  it  with  ease. 

10^  Of  the  many  remarkable  experiments  that  may  be  made  by  means 
of  the  air-pnmp^  we  will  mention  one  in  particular  that  has  attained  historical 
eelebrity. 

Otto  Yon  Onerike  in  Magdeburg,  the  inventor  of  the  air-pump,  constructed 
tvo  hoUow  hemispheres  of  copper,  the  edges  of  which  fitted  accurately  to 
eadi  other  (fig.  83).  The  latter  were  rubbed  over  with 
grease,  preyed  tightly  together,  and  the  globe  was  then 
exhaosted  of  air,  through  the  cock  c.  The  two  hemi- 
spheres, that  fell  asunder  before  exhaustion,  were  now 
pr^aed  together  by  the  external  air  with  such  force  that 
lereral  horses,  attached  to  the  ring  of  each  hemisphere, 
cofild  not  exert  sufficient  force  to  separate  them. 

This  beautiful  experiment  was  performed,  in  the  year  1650,  to  the  great 
astonishment  of  all  beholders,  at  the  Imperial  Diet  at  Batisbon,  in  the  pre- 
Eenee  of  the  Emperor  Ferdinand  III.  and  a  number  of  princes  and  nobles. 
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It  may  be  shown,  by  means  of  the  air-pump,  that  all  bodies  fall  with 
equal  Telocity  when  in  a  vacuum,  and  that  animals  cannot  exist  therein ;  and 
a  oomber  of  other  phenomena  are  produced  by  the  aid  of  this  instrument, 
of  whieh  mention  can  be  made  only  hereafter. 

104.  Many  phenomena,  such  as  respiration  and  suction,  and  many  impor- 
tet  instruments,  as  the  suction-pump  and  fire-engine,  depend  upon  the 
pie»Bie  of  the  atmosphere  and  the  production  of  rarefied  spaces. 

By  enlarging  Uie  space  of  the  cavity  of  the  chest,  by  means  of  particular 
wmdgs,  the  air  contained  therein  is  rarefied,  and  a  fVesh  portion  enters  from 
te atmosphere;  thus  inhalation  is  produced.  On  the  contraction  of  the 
■dei  of  the  chest  bj  the  muscles,  the  air  contained  in  the  cavity  is  compressed 
rnd  enapes;  ibis  ia  termed  exhalation. 

On  immemng  ooe  end  of  a  glass  tube,  the  stem  of  a  pipe,  or  a  reed,  into 
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water,  and  applying  snotion  to  the  other  end,  the  air  will  become  rarefied, 
and  the  water  will  be  forced  upwards  by  the  pressure  of  the  external  air. 

An  arrangement  for  effecting  suction  by  means  of  the  air-pump,  instead 
of  the  mouth,  is  termed  a  pump, 

105,  The  pump  consists  of  a  reservoir  (^g,  85), 
generally  speaking,  an  underground  cistern,  into 
which  extends  the  suction-pipe  a,  which  may  be 
closed  by  the  valve  r.  Above  this  are  situated  the 
cylinder  b,  and  an  upper  pipe  «,  but  more  frequently 
a  spouL     The  cylinder  contains  the  piston  p. 

On  raising  the  piston  the  air  in  the  space  beneath 
is  rarefied,  and  oMHis  the  valve  t  to  remain." closed; 
while  r  opens  and  admits  the  water  from  the  suction- 
pipe  into  the  cylinder.  On  the  piston  being  de- 
pressed the  valve  r  is  closed ;  the  water  that  has  been 
raised  above  it  forces  open  the  valve  t,  and  passing 
thereby  through  the  piston,  reaches  the  upper  portion 
of  the  cylinder,  whence  it  flows  out  when  it  arrives  at 
the  spout,  or  passes  into  the  upper  pipe  «,  through  the 
valve  L  The  number  of  strokes  to  be  made  with  the 
piston  before  the  water  flows  out  of  the  spout  of  the 
pump,  depends  upon  the  relative  size  of  the  various 
parts  of  the  instrument. 

106.  Water  cannot,  however,  be  raised  to  any 
height  by  means  of  the  suction-pump;  because  the 
pressure  of  the  atmosphere  is  incapable  of  forcing 

water  higher  than  about  32  feet.  We  have  ascertained  (§  96)  that  it  is 
capable  of  maintaining  in  equilibrium  a  column  of  mercury  30  inches  in 
height;  water  being  thirteen  times  lighter  than  mercury,  a  column  of  water 
13  X  30  inches  in  height  is  required  to  counterbalance  the  pressure  of  the 
column  of  mercury,  or  the  pressure  of  the  atmosphere. 

The  height  of  the  first  valve  above  the  surface  of  the  liquid  should,  there- 
fore, not  exceed  30  feet.  It  is  still  possible  to  raise  the  water  in  the  cylinder, 
but  not  to  a  much  greater  height,  as  the  operation  of  pumping  becomes  too 
laborious. 

If,  therefore,  water  is  to  be  raised  from  a  considerable  depth,  or  to  a  great 
height,  forcing-pumps  of  peculiar  construction  are  substituted  for  the  suctioa- 
pump. 

107.  The  action  of  the  fire-engine  ("fig.  86)  depends  principally  on  the 
increased  tension  of  compressed  air.  Tlie  various  parts  of  this  machine  are 
situated  in  a  large  vessel  or  cistern,  which  is  kept  continually  filled  with 
water.  In  its  centre  is  fixed  a  strong  receiver,  a,  called  the  air-chamber,  in 
which  the  tube  g  reaches  nearly  to  the  bottom.  When  the  engine  is  about 
to  be  used,  this  tube  is  first  closed  at  g,  by  means  of  a  cock.  Water  is  now 
pumped  into  the  air-chamber  by  means  of  the  two  suction-pumps  e  e,  and  as 
the  air  cannot  escape  from  the  former,  it  becomes  more  and  more  compressed 
therein,  as  fresh  quantities  of  water  are  introduced.  When  the  pressure 
has  attained  a  certain  force,  the  cock  at  g  is  opened,  and  the  compressed  air 
at  the  top  of  the  chamber  immediately  drives  out  a  jet  of  water  with  great 
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ibroe  throngli  the  opening  of  the  pipe.   As  water  is  continnallj  pumped  into 
tiie  air-ehamber,  an  uninterrupted  jet  is  thus  obtained. 

The  manner  in  which  the  air-chamber  acts  may  be  easily  shown  by  half- 
filliog  a  little  bottle  with  water,  corking  it  up,  and  fitting  a  small  glass  tube, 
or  the  stem  of  a  pipe,  air-tight,  into  the  cork,  so  as  to  reach  nearly  to  the 
bottom  of  the  bottle.  On  blowing  forcibly  into  the  tube  with  the  mouth, 
the  air  in  the  vessel  becomes  compressed,  and  as  soon  as  the  external  pres- 
sure at  the  mouth  of  the  tube  is  removed,  a  jet  of  water  will  be  forced  out 
of  the  ghiss.     (Fig.  87.) 

108.  If  a  tumbler  be  perfectly  filled  with  water,  the  sur- 
hoe  corered  with  a  piece  of  paper,  and  the  glass  then  inverted, 
tbe  water  will  not  flow  out,  being  prevented  from  so  doing  by 
the  presBure  of  the  atmosphere  against  the  external  surface 
c^  the  paper.     The  use  of  the  paper  is  merely  to  enable  the 
experimenter  to  invert  the  glass,  and  to  prevent  any  water 
fnm  running  out  at  the  sides,  or  particles  of  air  from  enter- 
ing in  its  place.     If  the  lower  opening  is  sufficiently  narrow 
to  prerent  the  efi^ux  of  the  water,  as  is  the  case  with  the 
dipping-sjphon,   the    paper  is  no  longer  required.      The 
iipping-mfphon  (fig.  88)  is  a  tubular  vessel,  somewhat  con- 
tained a^ve  and  below,  and  open  at  both  extremities.    If  it 
Ve  immersed  in  a  liquid  it  will  become  entirely  filled,  and,  by 
dosing  the  upper  orifice  with  the  thumb,  the  syphon  may  be 
Hted  up  without  any  of  the  fluid  contained  in  it  escaping. 

A.  modification  of  the  common  syphon,  known  as  Mitscherlich's  syphon 
(%•  Sd),  coDflists  of  a  bent  tube  h  6',  whose  legs  are  of  unequal  length,  the 
«i»«ter  one  being  sometimes  curved  upwards,  for  the  purpose  of  drawing 
^^oidfivm  above  downwards,  and  thus  removing  it  with  more  facility  from 
*iirecnatofe.  XiJ  sAer  the  shorter  leg  is  plunged  into  the  solution,  **--* 
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whole  tube  be  filled  by  closing  with  the  finger  the  lower  aperture  h',  and 
sucking  out  the  air  at  t,  the  liquid,  on  removal  of  the  finger,  will  continue 
'  to  run  out  at  the  end  of  the  longer  leg  b\  and  may 

thus  be  perfectly  separated  without  disturbing  the  pre- 
cipitate. The  action  of  the  syphon  is  readily  ex- 
plained :  the  column  of  liquid  in  the  longer  leg,  and 
that  reaching  in  the  shorter  leg  from  the  curve  to  the 
surface  of  the  fluid  in  the  vessel,  have  both  a  tendency 
to  obey  the  law  of  gravity.  This  tendency,  however, 
is  opposed  on  both  sides  by  atmospheric  pressure, 
acting  on  the  one  side  at  the  aperture  I/,  and  on  the 
other  upon  the  surface  of  the  liquid  in  the  yessel; 
thus  preventing,  in  the  interior  of  the  tube,  the  forma- 
tion of  a  vacuum  which  would  take  place  at  the  curve 
if  the  two  columns  ran  down  on  both  sides.  By  the 
presflmre  of  the  atmosphere  acting  with  equal  force, 
88.  89.  a  perfect  equilibrium  would  be  established  if  the 

columns  of  water  were  equally  high  in  bqth  legs; 
that  is,  if  the  opening  were  at  the  elevation  of  the  level  of  the  water  in  the 
vessel ;  as  soon,  however,  as  h'  lies  deeper  than  6,  the  column  in  the  longer 
leg  preponderates,  and,  in  proportion  as  the  liquid  escapes,  a  fresh  portion  is 
forced  into  the  tube  on  the  other  side  by  the  pressure  of  the  air,  so  that  the 
liquid  continues  to  flow  out  at  b'  until  the  level  has  fallen  to  the  height  of  the 
aperture  h, 

n.  PH5JJ0MENA  OF  VIBRATION. 

109.  We  are  now  about  to  enter  upon  the  consideration  of  a  class  of 
phenomena  difiering  vndely  from  those  already  examined,  both  by  their  im- 
pressions upon  our  senses,  and  by  the  manner  in  which  we  arrive  at  a  con- 
ception of  their  origin  and  nature. 

However  much  the  most  zealous  and  ingenious  philosophers  have  enriched 
us  with  their  experiments  and  the  deductions  they  have  arrived  at,  it  still 
remains  a  difficult  task  to  form  a  clear  and  definite  idea  of  the  nature  of  these 
phenomena. 

110.  We  have  become  acquainted  with  matter  as  something  occupying 
space,  obeying  the  laws  of  mutual  attraction,  and  under  every  form  possessing 
weight.  It  is  now  necessary  to  enter  upon  the  consideration  of  a  class  of 
phenomena  which  are  independent  of  weight. 

The  term  Ether  has  been  adopted  to  express  something  opposite  to  matter; 
something  that  is  not  accumulated,  like  the  latter,  into  bodies  in  difierent 
parts  of  the  universe,  but  distributed  over  the  whole  in  a  state  of  infinite 
subtlety.  Ether^  therefore,  penetrates  even  matter ;  and  we  cannot  conceive 
an  idea  of  substance  without  every  particle  thereof  being  surrounded  hy 
ether.  As  it  does  not  occupy  space  in  the  same  manner  as  matter,  and  is 
not  influenced  by  attraction,  it  exists  equally  in  the  rarefied  space  of  the  air- 
pump  and  in  the  perfect  vacuum  of  the  barometer.  It  exists  in  everything, 
just  as  thouffh  the  whole  universe  had  been  immersed  in  ether^  and  had 
become  completely  and  eternally  penetrated  by  it. 

But  how  are  we  to  recognise  the  presence  of  that  in  which  all  the  prope^ 
ties  by  which  we  distinguish  material  bodies  are  absent  ?    Ether  also  pos- 
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I  its  peculiar  properties;  by  which  alone  we  are  enabled  io  form  a  con- 
eeptioD  of  it 

Besides  beiog  poeaeased  of  exceediDg  mbdety,  ether  is  also  endowed  with 
the  highest  mobility,  and  only  becomes  evident  to  oar  senses  when  in  motion. 
Its  slightest  Tibration  distributes  itself,  therefore,  over  a  great  distance,  until, 
as  it  reaches  our  senses,  it  produces  sensations  which  we  describe  as  heat  and 
^gkt.  Other  kinds  of  motion  of  ether  render  themselves  perceptible  to  us 
bj  the  productioQ  of  phenomena  which  we  comprise  under  the  names  of 
Qectriaty  and  Magruiism. 

.'"Scient^c  men  naturally  hesitated  in  adopting  a  conception  of  ether;  for 
it  is  one  of  the  most  important  principles  in  science  to  assume  the  existence 
of  that  ooly  which  may  be  made  directly  perceptible  to  the  senses.  Although 
this  has  Dot  been  possible  as  yet  with  regard  to  ether,  we  are  enabled  to 
increase  our  belief  in  its  reality  by  calling  to  our  aid  that  which  is  most 
nxnilar  to  it,  and  which  renders  its  existence  more  probable. 

No  man  doabta  the  existence  of  the  mind  or  the  soul.  Though  invisible 
sad  ineoffiprehensible  to  us,  we  are  convinced  of  the  presence  of  the  soul  by 
the  vooderful  and  manifold  actions  of  which  it  is  capable  on  the  slightest 
iBpalse. 

And  why  should  it  be  a  matter  of  such  difficulty  to  exalt  our  ideas  to  the 
eoDoeption  of  ether  as  something  supermaterial,  of  exceeding  fineness,  after 
haTiog  become  acquainted  with  water  existing  as  a  solid,  a  liquid,  and  a  gas  ? 
there  was  a  time  when  the  conception  of  air  as  a  body,  presented  to  the 
Buod  a  greater  difficulty  than  does  now  the  assumption  of  the  presence  of 
ether  in  the  universe. 

Oar  belief  in  the  existence  of  ether  finds  its  principal  support  in  the  fact 
thit  through  this  assumption  we  are  enabled  to  form  connected  and  sensible 
iiieas  of  a  variety  of  phenomena,  and,  indeed,  to  predict  them,  and  confirm 
nch  by  experiment,  that  we  could  not  otherwise  satisfactorily  account  for 
io  any  manner.  It  should,  however,  be  observed  here,  that  this  physical  ether 
■Bst,  by  no  means,  be  confounded  with  the  fluid  known  in  chemistry  by  the 
■me  name. 

^^  Vibrations  in  General. 

111.  A  peculiar  vibratory  motion  may  be  imparted  to  matter  as  well  as  to 
c^.  The  vibrations  of  matter  produce  in  us  the  sensation  of  sound; 
vhiie  those  of  ether  render  them  perceptible  as  keat  and  light 

As  the  clearest  conception  can  be  formed  of  vibrations  by  comparing  them 
to  the  waves  produced  by  throwing  a  stone  into  smooth  water,  the  term  undu- 
Notary  Gt  wave  motion  has  been  adopted  in  general  to  express  the  phenomena 
of  TibntiKHis. 

A  diatinctiou  is  made  between  standing  waves  and  moving  or  progressing 
.  Wes.  The  former  are  produced  by  taking  hold  of  a  stretched  cord  or 
i>QBg  m  the  centre,  drawing  it  on  one  side,  and  then  leaving  it  to  itself 
^^^^o^neanng  waves  are  formed  by  throwing  a  stone  into  water,  or  giving  a 
W  to  a  tightly-stretched  cord.  The  di^lerence  between  these  waves  de- 
pends opon  the  f(^owing  principles :  — 

^1ien  the  state  of  rest  or  equilibrium  of  a  stretched  cord  is  disturbed,  by 
ttpvtiDg  to  the  latter  an  undulatory  motion,  every  portion  of  the  cord 
^f^am  for  an  instant^  at  each  vibration  or  wave  that  it  describes,  to  the 
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position  of  equilibrium ;  or,  in  other  words,  tbe  position  of  equilibrium  is 
passed.  Progressing  waves  differ  particularly  from  standing  waves  in  the 
circumstance  that,  with  the  former,  the  various  vibrating  parts  will  only  pass 
the  position  of  equilibrium  one  after  the  other,  while  it  is  simultaneously 
performed  by  the  vibrating  points  of  a  standing  wave. 

The  waves  of  water  are  well  known  to  spread  themselves  in  uniformly- 
increasing  circles  over  the  whole  surface,  so  that  the  most  distant  portions 
of  the  water  are  gradually  set  in  motion.  Water-waves  consist  of  alternate 
elevations  and  depressions.  The  whole  number  of  waves,  produced  by 
throwing  a  stone  into  the  water,  is  termed  a  system  of  waves. 

The  meeting  of  two  different  systems  of  waves,  produced,  for  instance,  by 
throwing  two  stones  into  the  water,  is  accompanied  by  very  peculiar  pheno- 
mena. On  their  coming  in  contact,  the  elevations  of  the  one  system  may 
meet  with  those  of  the  other,  and  the  wave  depressions  of  the  two  systems 
may  likewise  come  in  simultaneous  contact  with  each  other,  the  result  being 
the  production  of  higher  elevations  and  deeper  depressions ;  or  an  elevation 
of  one  system  may  meet  a  depression  of  the  other,  in  which  case  it  is  obvious 
that  the  two  waves  will  counteract  each  other,  and  the  undulatory  motion 
will  cease.  This  so-called  interference  of  wave-systems  produces  point*  of 
repose  or  nodes;  several  of  these,  situated  side  by  side,  form  lines  of  repose 
or  nodal  lines. 

On  progressing  waves  meeting  with  a  sufficient  impediment,  their  farther 
progress  is  not  only  prevented,  but  they  are  also  thrown  back.  If,  therefore, 
the  waves  moving  along  from  one  end  of  a  cord  meet  with  others  coming  in 
the  opposite  direction,  nodal  lines  are  also  easily  produced,  the  cord  being 
divided  by  them  into  a  number  of  standing  waves. 

Undulatory  motions  are  most  powerful  at  the  point  where  they  originate, 
and  at  the  moment  when  they  commence.  They  become  smaller  and  de- 
crease in  power  with  every  succeeding  fraction  of  time,  the  farther  they 
spread  from  the  point  where  they  originated.  Sound,  heat,  and  light,  there- 
fore, decrease  in  strength  the  farther  we  are  distant  from  the  point  of  their 
origin ;  this  decrease  of  power  stands  in  direct  ratio  to  the  squares  of  the 
distance. 

The  waves  of  a  vibrating  string  proceed  only  in  the  direction  of  its  axis. 
The  waves  of  water  spread  in  circles,  which  increase  in  size  from  the  point 
of  origin  on  the  horizontal  plane  of  the  surface.  But  in  order  to  under- 
stand the  vibrations  of  air  and  ether,  we  must  avail  ourselves  of  another 
illustration.  The  point,  for  instance,  at  which  a  sound  commences,  we  may 
consider  as  the  centre  of  an  infinite  number  of  strata  of  air  which  surround 
that  point  in  the  form  of  hollow  spheres  of  gradually  increasing  magnitude. 
The  sound  is  farther  spread,  from  the  inner  to  the  outer,  by  the  progressive 
vibrations  of  all  these  spherical  strata  of  air.  These  vibrations  consist  of 
the  alternate  approaching  and  receding  of  the  strata  of  air,  by  means  of 
which  condensations  and  rarefactions  are  produced.  By  the  same  laws,  heat 
and  light  diffuse  themselves  from  the  point  of  origin  in  all  directions. 

Straight  lines  which  proceed  from  the  centre  through  the  circles  of  water 
waves,  or  through  the  spherical  surfaces  of  vibrating  air,  are  called  wave-ra^s^ 
and  hence  we  speak  of  rays  of  sound,  heat,  and  light   ' 

A  difference  may,  however,  exist  among  the  vibrations,  according  to  the 
length  or  height  of  the  waves,  originally  set  in  motion,  as  also  according  to 
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their  directioa  and  Telocity,  t.  e.,  the  number  of  vibrations  occuniDg  within 
a  certain  time.  It  will  be  seen  that  these  differences  exercise  considerable 
iofiaenee  orer  the  phenomena  resulting  from  undulatory  motion.  /;  ^^^  )  ' 
/  We  hare  now  endeavoured  to  arrive  at  a  general  conception  of  the  nature 
of  sound,  beat,  and  light;  we  must  not,  however,  omit  to  state  that  the  above 
is  not  tbe  only  view  by  which  these  natural  phenomena,  so  remarkable  in 
their  appearance  and  effects,  are  accounted  for. 

It  is  not  80  much  our  object  in  this  work  to  enter  into  the  investigation 
of  theories,  or  to  compare  the  views  of  different  philosophers,  as  to  arrive  at 
a  knowledge  of  tbe  most  important  facts  which  have  been  gleaned  from  nature 
by  scientinc  men.  It  is  our  intention  to  communicate  these,  making  use 
only  of  the  most  popular  expressions,  even  if  they  should  not  always  agree 
exactly  with  the  view  entered  into  above.  Midler's  undulatory  disc  is  of 
great  assistance  for  attaining  a  proper  concepticm  of  wave  motion.     -^^^ 

I.  Sound.     ,    •..    '  *     ^^^  - 

112.  Daily  experience  teaches  us  that  scarcely  any  motion  of  surrounding 
objects  can  take  place  without  producing  an  audible  sound.  We  may  say 
whfa  eertaintj,  that  every  sound  is  the  result  of  the  vibrations  of  a  portion 
of  matter,  and  tbe  nature  of  the  tone  or  sound  depends  only  on  the  manner 
ia  which  these  vibrations  arise.  Sounds  generally  reach  our  ears  through 
the  air,  as  waves  of  sound.  These  are  produced  by  the  alternate  condensa- 
doo  and  rare&ction  of  the  air  at  certain  points.  With  wires,  bells,  and 
taning-forks,  it  is  the  bodies  themselves  that  produce  the  sound  which  the 
air  only  serves  to  convey.  In  wind  instruments  and  the  human  voice,  it  is 
ti»  vi^ting  columns  of  air  that  sound. 

The  following  remarks  hold  good  in  general  with  regard  to  sound :  the 
height  or  depth  of  a  tone  depends  on  the  number  of  vibrations  made  by  the 
soonding  body  in  a  given  time.  The  smaller  the  number  of  vibrations,  the 
deeper  is  the  tone,  and  vice  versd.  The  length  of  the  different  sound-waves 
staodfl  in  tbe  closest  relation  to  the  tone  produced.  The  deeper  notes  are 
produeed  by  the  longer,  and  the  higher  ones  by  the  shorter  sound-waves. 

The  deepest  tone  that  can  be  produced  results  from  vibrations,  of  which 
14  (ff  15  are  performed  in  one  second.  The  deepest  note  that  is  applied  in 
Bode,  is  that  obtained  by  the  organ-pipe  of  16  feei^length,  closed  at  its 
tpper  end,  which  produces  sound-waves  of  32  feet.  On  the  other  hand, 
t&ere  exist  high  notes,  the  vibrations  of  which  number  48,000  in  a  second. 
The  wave-length  of  the  highest  musical  notes  is  18  lines.  Higher  or  lower 
times  than  the  above-named  can  no  longer  be  clearly  distinguished  by  the 
ear,  and  are,  therefore,  not  accepted  as  notes. 

113.  The  phenomena  of  vibrating  strings  may  be  most  conveniently  ex* 
aanned  by  means  of  a  string  or  wire  (fig.  90),  which  may  be  lengthened  or 
ibortened  by  a  movable  bridge,  and  stretched  more  or  less  forcibly  by  weights 
attached  to  one  end. 

It  may  be  easily  proved  by  means  of  an  arrangement  of  this  description, 
tbt  the  number  of  vibrations  of  a  string  is  Ibe  greater^  the  shorter^  and  the 
^i'aner  it  i^&nd  the  tighter  it  is  stretched^wad  lastly^  the  smaller  the  detvdty 
0^  it  is.     ^ch  strings  consequently  produce  the  highest  tones. 
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The  depth  of  tone  of  a  string  increases,  therefore,  with  its  thickness, 
density,  and  length,  and  with  the  decrease  of  the  tension.  The  strings  of 
the  piano  or  harp  are  examples  of  this.  Those  strings  which  are  to  produce 
the  deepest  tones,  on  the  violin  and  douhle  bass,  for  instance,  are  covered 
with  metallic  wire,  whereby  their  specific  gravity  is  increased.  Strings  of 
eqoal  length  may  possess  different  tones,  according  to  their  comparatiTe  thick* 
ness,  or  the  unequal  force  with  which  they  are  stretched. 

114.  If  we  now  notice  a  tone  which  has  a  certain  number  of  vibrations, 
and  call  it,  for  instance  c  ;  the  note  that  makes  just  doable  the  number  of 
vibrations  in  the  same  space  of  time,  is  called  the  higher  octave^  and'  the  one 
that  only  performs  half  the  vibrations,  the  lower  octave,  of  C.  Between 
every  note  and  its  octave,  there  are  six  other  notes,  the  names  and  vibrations 
of  which  are  as  follows : — 


Kernote. 

SMond. 

Third. 

Fourth. 

Fifth. 

Sixth. 

SeTentb. 

OotoT«. 

C 

d 

e 

/ 

9 

a 

b 

e 

1 

% 

i 

1 

I 

i 

V 

2 

These  relations  of  the  nnmbers  of  vibration  are  the  same  through  all 
octaves  and  for  all  notes,  by  whatever  instrument  they  may  be  produced. 
If  the  deep  note  C  produced  by  the  16-feet  pipe  makes  82  single  or  16 
double  vibrations  in  a  second,  its  octave  will  make  64,  its  third  40,  its 
fifth  48,  &o. 

The  ratios  between  the  numbers  of  each  of  two  consecutive  notes  in  this 
series  are  not  alike.  In  the  following  list,  the  fraction  placed  by  the  letter 
denotes  than  how  much  greater  the  number  of  vibrations  of  each  following 
note  is,  that  of  the  preceding  one : — 


I 


1 


/ 


h 


9 


1 


i 


d  therefore  makes  1|  times  as  many  vibrations  as  c  in  a  given  time,  e  1^ 
times  as  many  as  ^,  / 1-,^^  times  as  many  as  e,  &c. 

The  intervals  from  c  to  c^,  from  c^  to  e,  from  /  to  ^,  from  ^  to  a,  and  from 
a  to  &,  are  called  whole  tones,  and  measure  either  I  or  ^.  On  the  other 
hand,  the  intervals  from  e  to/,  and  from  6  to  c,  are  called  semi'tones,  as  they 
measure  only  about  one-half  of  the  above  spaces,  namely,  y'^.  In  order,  how- 
ever, to  be  able  to  proceed  from  any  note,  with  the  intervals  as  they  are  given 
above,  it  becomes  necessary  first  to  introduce  semitones  between  c  and  d,  /^ 
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ind  g,  g  and  hj  giving  to  tbem  the  names  c  sharp^  d  sharp,  /sbarp;  g  sharp, 
oBharp. 

The  key-note  always  forms  with  its  octaye,  third,  or  fifth,  a  (^sonanfie, 
with  all  tc^ether  fijcQj^gj^d;  and  with  its  second,  or  seventh,  a  discord. 

115.  K  a  stretched  wire  be  supported  in  its  centre  by  the  bridge,  and 
the  one  half-stroked  with  the  bow,  die  other  half  will  also  vibrate :  this  may 
be  prored  by  placing  small  paper  riders  on  the  latter,  which  will  be  thrown 
off  by  the  vibrations. 

If  the  string  be  supported  by  the  bridge  at  one^third  its  length,  and  the 
other  two-thirds  be  covered  with  paper  riders,  they  will  all  fall  off  on  the 
first-third  of  the  string  being  stroked  with  the  bow,  with  the  exception  of 
those  which  are  situated  exactly  on  the  second-third  of  the  string.  This 
poiDt  consequently  does  not  participate  in  the  vibrations  of  the  string,  and 
18,  therefore,  termed  the  nodal  point.  On  supporting  the  string  at  one-fourth 
of  its  length,  it  is  divided  into  four  vibrating  parts,  with  two  nodes  or  points 
of  repose,  and  so  on. 

When  discs,  bells,  or  plates  are  sounded,  the  vibratory  motion  is  likewise 
not  imparted  equally  to  all  parts.  This,  for  instance,  may  be  rendered  per- 
eeptible  by  strewing  a  glass  plate  with  fine  sand,  laying  hold  of  it  at  one 
point  and  stroking  its  edge  with  the  bow.  The  vibrating  portions  of  the 
glass  will  cast  the  sand  on  to  those  points  of  repose  which  will  form  nodal 
iioa  in  various  mutual  directions. 

Bj  employing  square  or  round  plates  of  glass,  and  by  altering  the  point  of 
aipiwrt,  the  place  where  the  vibratory  motion  is  imparted,  or  the  force  with 
whieh  it  is  imparted,  a  variety  of  sound  figures  may  be  produced,  such  as 
ire  shown  in  figs.  91  and  92. 
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116.  Sound  distributes  itself  in  all  directions,  the  vibratory  motion  being 
ifflparted  from  one  particle  to  those  which  surround  it.  This  proceeds  with 
grttt  velocity,  for  it  has  been  observed  that  sound  travels,  in  the  ordinary 
^teoiphere,  at  a  rate  of  1,050  feet  in  a  second.  Its  velocity  is,  however, 
^  snrpassed  by  that  of  light,  as  m&y  be  observed  when  a  gun  is  fired  off  at 
t  distance.  The  fire  and  smoke  are  first  seen,  and  the  report  is  heard  only 
noe  time  afterwards.  We  see  the  lightning  before  we  hear  the  thunder 
^  b  produced  simultaneously,  and  we  judge  correctly  of  the  distance  of 
the  storm  by  the  interval  that  elapses  between  the  observation.  t)f'%«Ah. 
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It  18  remarkable  that  sound  passes  much  more  rapidly  through  denser 
bodies  than  it  does  through  those  which  are  of  less  density.  It  is  well  known 
that  the  roar  of  cannon,  the  trampling  of  horses,  &o.,  may  be  heard  at  a 
much  greater  distance  by  holding  the  ear  to  the  earth,  than  merely  by  listen- 
ing in  the  open  air.  Water  also  conducts  sound  to  a  great  distance  :  and 
fish  will  hear  the  sound  of  a  bell  or  fife  summoning  them  to  be  fed. 

At  considerable  altitudes,  where  the  air  is  less  dense,  the  sound  of  the 
voice  is  more  feeble,  and  the  report  of  a  musket  is  not  audible  at  so  great  a 
distance. 

If,  however,  the  sounding  vibrations  are  imparted  to  a  body  in  vacuo,  thej 
cannot  communicate  beyond  that  body,  and  will,  therefore,  not  be  heard. 
This  experiment  may  be  easily  made  by  means  of  the  air-pump.  A  bell, 
suspended  and  struck  in  a  vacuum,  will  not  be  audible.  As  soon,  however, 
as  air  is  admitted  into  the  space,  the  sound  will  be  distinctly  heard. 

117.  When  the  sound  rays,  passing  through  the  air  in  a  straight  direction^ 
meet  with  denser  objects,  the  direction  of  their  course  will  be  more  or  less 
altered.  They  may  indeed,  if  they  meet  with  a  solid  obstacle,  be  perfectly 
repelled  or  reflected  like  the  water-waves  on  the  sea-shore.  The  phenomenon 
of  reflected  sound  is  called  echo.  In  order  to  hear  an  echo  of  one  syllable, 
the  observer  must  be  at  least  60  feet  from  the  surface  where  the  sound  ia 
reflected;  for  an  echo  of  more  syllables  the  distance  must  be  from  116  to 
120  feet. 

Speaking-tahe%  are  employed  for  the  conveyance  of  sound,  particuhirly  of 
language.  They  are  tin  tubes,  about  one  inch  in  diameter,  and  extending 
from  (me  story  or  room  to  another,  or  from  the  mast-head  to  the  deck  of  a 
vessel.  A  word  spoken  into  one  end  of  the  tube  will  be  distinctly  heard  at 
the  other  end,  the  sound-waves  being  prevented  from  dispersing. 

The  speaking-trumpet  is  a  cone-shaped  instrument,  likewise  serving  to 
retain  the  sound-waves  more  together,  by  which  means  they  may  be  directed 
with  particular  force  in  one  direction.  On  the  other  hand,  a  similar  instra- 
ment  is  employed  as  a  hearing-trumpetf  the  wide  opening  of  which  collects 
the  waves  of  sound,  and  conducts  them  to  the  ear. 

Heat. 

118.  The  conditions  which  we  term  hot,  warm^  or  cold,  appear  to  be  the ' 
results  produced  by  certain  vibrations  of  matter.  These  conditions  are  not 
really  opposed  to  each  other,  but  may  be  regarded  as  different  degrees  of  one 
general  phenomenon  which  we  call  heat,  and  which,  besides  rendering  itself 
sensible  to  our  feelings  through  the  above  conditions,  always  exerts  an  influ- 
ence on  the  expansion  of  bodies. 

On  inquiring  into  the  proximate  causes  of  heat,  they  will  be  found  to  be 
various.  Heat  renders  itself  sensible  when  two  bodies  are  rubbed  or  knocked 
together.  It  is  well  known  that  savages  obtain  fire  by  the  friction  of  two 
pieces  of  wood,  and  that  the  smith  can  make  a  nail  red-hot  by  the  proper 
management  of  hb  hammer.  A  great  quantity  of  heat  is  likewise  disen- 
gaged in  the  turning  or  boring  of  metals.  When  bodies  are  reduced  to  a 
higher  degree  of  density,  a  considerable  evolution  of  heat  takes  place ;  as^ 
for  instance,  by  the  rapid  and  powerful  compression  of  air,  and  by  the  slack- 
ing of  lime. 
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Tanous  and  important  phenomena  of  heat  are  the  reflolts  of  chemical 
combinations  which  are  unceasiDgly  proceedioff  in  Natnre.  The  best  known 
of  these  is  the  process  of  combustion,  which  is  commoolj  applied  by  us  to 
the  prodnction  of  heat  for  our  own  purposes.  Even  the  chemical  decompo- 
iitioQ  of  food  oontiniiallj  proceeding  in  the  human  body  is  an  abundant  source 
of  heat.  Electricity  likewise  produces  considerable  heat,  as  is  proved  by 
the  effects  of  lightning. 

The  earth,  moreover,  possesses  in  itself  a  certain  amount  of  heat,  which 
is  but  shghtlj  perceptible  on  its  surface,  but  becomes  more  sensible  to  us  at 
some  depth,  so  that  we  have  reason  to  assume  the  existence  of  a  considerable 
d^;Tee  c^  heat  in  the  interior  of  the  earth. 

Finally,  we  r^ard  the  sun  as  the  principal  source  of  the  heat  felt  on  the 
sm&oe  of  the  earth,  as  rays  of  heat,  besides  those  of  light,  are  daily  im- 
ptrted  by  it.  If  the  earth  were  not  under  the  influence  of  solar  beat,  it 
would  differ  widely  in  its  nature  from  its  present  state. 

Whateyer  may  be  Uie  source  whence  heat  is  derived,  it  always  exhibits 
the  same  phenomena  in  its  relation  to  other  objects. 

Expansion  by  Heat. 

119.  One  of  the  most  common  phenomena  produced  by  heat,  which  is 
sensible  to  the  eye,  is  the  expansion  of  bodies.  It  has  already  been  shown 
(§  17)  that  the  solid,  fluid,  or  gaseous  state  of  matter  is  entirely  dependent 
on  the  inflaence  exercised  thereon  by  heat. 

Examples  of  this  expansion  may  be  easily  found.  A  metallic  ball,  which 
is  1  litlle  too  large  to  pass  through  a  ring  of  metal,  will,  on  the  latter  being 
heated,  &I1  through  it  with  ease,  the  ring  being  expanded  by  the  heat. 

If  a  vessel  be  filled  completely  with  a  liquid,  and  the  latter  heated  gradu- 
ally, it  will  soon  flow  over  the  edge  of  the  vessel,  in  consequence  of  its 
expansion. 

A  bladder,  pressed  together,  with  the  opening  firmly  tied  up,  but  contain- 
ing still  a  little  air,  will,  on  being  warmed,  assume  the  same  form  as  if  it 
were  inflated  with  the  mouth,  in  consequence  of  the  expansion  of  the  en- 
doaed  w. 

120.  The  expansion  of  bodies  furnishes  a  very  valuable  means  of 
cocaparing  the  effects  of  heat,  and  likewise  of  measuring  its  increase. 
Hea^  as  tan  as  it  exerts  its  influence  on  the  comparative  expansion 
of  bodies,  is  termed  temperature,  and  the  instrument  employed  for 
Bieasaring  the  latter  is  called  a  thermometer  Tfig.  93). 

The  thermometer,  like  other  important  philosophical  instruments, 
as  the  pendolom  and  barometer,  possesses  the  advantage  of  great 
Bmplieity. 

A  glaas  tube  is  chosen  for  the  construction  of  the  thermometer, 
^  bore  of  which  is  perfectly  uniform  throughout,  having  about  the 
wkith  of  a  moderate-sized  needle.  A  small  bulb  is  blown  at  one  end, 
and  then  filled  with  pore  mercury.  The  mercury  is  now  heated,  33. 
opon  which  it  expands,  and  fills  tiie  whole  tube,  which  is  from  6  to 
10  hicfaes  in  length.  As  soon  as  the  mercury  is  at  the  point  of  protruding 
bm  the  tube,  the  latte:  is  sealed,  so  that  it  now  contains  no  air  whatever, 
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but  only  the  mercury,  which  on  cooling  again  contracts,  so  as  to  stand  to 
about  one-third  or  one-fourth  of  the  height  of  the  tube. 

When  a  tube  thus  prepared  is  immersed  in  melting  ice,  the  column  of 
mercury  will  stand  at  a  certain  height,  which  is  accurately  noted  by  a  mark 
made  on  the  glass  tube.  The  thermometer  is  then  placed  for  some  time  in 
boiling  water,  and  the  height  to  which  the  mercury  rises  likewise  marked. 

Whenever  the  thermometer  is  introduced  into  melting  ice  or  boiling  water, 
the  mercury  will  stand  at  exactly  the  heights  already  noted,  which  shows 
that  a  body  always  occupies  the  same  space  at  an  equal  temperature,  and 
that  this  space  decreases  proportionately  as  the  body  becomes  colder. 

The  point  to  which  the  mercury  sinks,  when  the  thermometer  is  immersed 
in  melting  ice,  in  iajiisafati  bj  unmtghi^  and  is  called  the  freezing-point.  That 
point  to  which  the  mercury  rises,  when  the  thermometer  is  plunged  into 
boiling  water,  is  called  the  hoiling-point. 

When,  therefore,  the  thermometer  is  placed  in  any  other  position,  we  can 
judge  of  the  surrounding  temperature  ^m  the  point  at  which  the  mercury 
stands  in  the  tube.  We  call  the  temperature  high  if  the  mercury  is  near 
to  the  boiling-point,  and  low  if  it  approaches  the  freezing-point 

In  order  to  give  greater  accuracy  to  such  determinations  of  temperatore, 
the  space  between  the  two  points  above  mentioned  is  divided  into  a  number 
of  equal  parts,  which  are  called  degrees.  This  division  of  the  tube  is  also 
extended  beyond  the  freezing-  and  boiling-points;  those  degrees  that  are 
situated  above  the  former  are  termed  heat-degrees,  and  are  denoted  by  the 
sign  -f ,  while  those  below  the  freezing-point  are  called  degrees  of  coldj  and 
are  indicated  by  the  mark  — . 

121.  In  some  thermometers  the  dbtance  between  the  freezing-  and  boiling- 
points  is  divided  into  80  equal  parts.  This  scale  of  divisions  was  first  made 
by  Beaumur,  after  whom  it  has  been  named :  this  kind  of  thermometer  is 
most  frequently  employed  in  Germany.  In  France,  and  in  scientific  works»  a 
thermometer,  with  a  scale  of  100  divisions,  or  the  Centigrade  thermometer, 
is  adopted,  in  which  the  boiling-point  stands  at  100^.  But  in  this  country, 
and  in  England,  a  thermometer,  with  a  perfectly  difierent  scale,  constructed 
by  Fahrenheit,  is  most  generally  employed.  The  following  comparative  table 
will  most  clearly  show  the  relation  existing  between  the  different  scales  : — 


Pfthrenhoit 
Scale. 

Centigrade. 

Reamnnr. 

—     4« 

+    14 

82 

60 

68 

86 

104 

122 

140 

168 

176 

194 

212 

—  20O 

—  10 

0 
+   10 
20 
80 
40 
60 
60 
70 
80 
90 
100 

—  160 

—  8 
0 

+     8 
16 
24 
82 
40 
48 
66 
64 
72 
80 

Every  5  degrees  on  the  Centigrade  scale  are 
here  seen  to  be  equal  to  4  degrees  on  the 
Reaumur  scale.     In  order  to  prevent  mis- 
takes  in  the  statement  of  temperatures,  it 
is  customary  to  describe  particularly  the 
scale  employed.    Thus,  for  instance,  4. 15<' 
F.  signifies  16  heat  degrees  on  the  Fahren- 
heit  scale;    or  — 1Q<*  C.  is  equal  to    16 
degrees  of  cold  on  the  Centigrade  scale. 
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122.  The  foUowing  is  a  Table  of  a  number  of  Temperatures  WOTthy  of 
notice: — 


Fahrenheit. 


Gentignide. 


Reatunor. 


Freeimg-point  of  spirit  of  wine.... 

Freezing-poiiit  of  mercary 

Tempermtnre  at  the  Polar  regions 

Lovest  winter  temperature 

Fretztng-pcint  of  water ,. 

Greatest  density  of  water. 

Temperature  of  the  bodies 
of  fishes. 

Temperature  of  the  bodies 
of  many  amphibious  ani- 
mals, 

Mean  temperature  of  Fran(fort-on-the- 


Dependent 
on  the  sur- 
rounding 
medium. 


'  Mean  temperature  of  a  room 

^iXreneral  summer  heat 

^4  Higher  summer  heat 

Mean  temperature  of  the  Equator 

^Temperature  of  the  human  body,  or 

Mood  heat 

Boiling-pomt  of  ether. 

Temperature  of  the  bodies  of  birds.... 

Melting-point  of  wax 

Temp'ture  at  which  phosphorus  ignites 

Boiihig-point  of  alcohol 

_  BoUia^-f«mt  of  water 

Mdting-point  of  sulphur 

Mdting-poiot  of  lead 

Boiling-point  of  sulphuric  acid 

Boiling-point  of  mercury 

MdtiBg-point  of  siWer 

,  Meltin^pomt  of  cast-iron. 

I  Melting-point  of  gold. 

Melting-point  of  bar-iron 


—  680 

—  40 
— 32-8  to —40 

10-4  to—  4 
82 
89-2 

1  69  to  77 

Ustose 


I       48-2 

68 
68     to  77 
76-2  to  96-8 

84-2 

\       ?^*^ 
95 

107-6 
154-4 
167 
172-4 
212 
226-4 
611-6 
618-8 
680 

1832 

2192 

2282 

2912 


—  90O 

—40 
-86  to— 40 
-12  to— 20 
0 

15  to  25 

15  to  80 

9 

20 
20  to  25 
24  to  36 

29 

87 

85 

42 

68 

75 

78 

100 

108 

822 

826 

860 

1000 

1200 

1260 

1600 


—  720 

—  82 
-28  to— 82 
.  10  to  —  16 

0 
+  81 
12  to  20 

12  to  24 


16 
15  to  20 
19  to  28 

23 

29 

28 

84 

54 

60 

62 

80 

86 

257 

260 

288 

800 

980 

1000 

1280 


It  is  very  remarkable,  in  the  preceding  series  of  temperatures,  that  water 
It  -h  4°  C-  (39°  F.)  isjlenser  thanjce»  It  is,  however,  owing  to  this  excep- 
ticm,  Uiat  in  winter  the  waters  of  our  rivers  are  not  frozen  to  the  ground. 

123.  As'  mercury  freezes  at  —40°  C.  (—40°  F.),  we  employ,  for  the 
determinatioQ  of  very  low  temperature,  thermometers  fidled  with  alcohol, 
eoloored  red.  Degrees  of  heat,  situated  near  or  above  the  boiling-point  of 
Biocury,  can  likewise  be  no  longer  determined  by  a  mercury  thermometer. 
The  various  methods  employed  for  the  determination  of  such  high  tempera- 
lores  are  all  attended  with  difficulties ;  the  expansion  of  air  presents  the 
D^rns  upon  which  most  reliance  can  be  placed. 

The  expansion  of  solid  bodies,  particularly  of  steel,  is  applied  to  the  con- 
traction of  other  kinds  of  thermometers,  which  find,  however,  but  little 
ipplicatioD. 

124.  The  force  with  which  bodies  are  expanded  by  heat  is  exceedingly 
greiL  The  8tix)ngest  vessels,  when  filled  with  water  or  air,  tightly  closed 
iod  heated,  are  often  incapable  of  withstanding  the  force  of  expansion.     It 


88  PHYSICS. 

is  of  great  importance  in  many  respects,  particularly  in  the  constmotion  of 
machinery,  to  know  the  extent  to  which  solid  bodies  expand  at  certain  drffe- 
rences  of  temperature :  determinations  of  this  description  have  been  made 
with  the  greatest  accuracy. 

The  fracture  of  solid  bodies  in  consequence  of  unequal  expansion,  such  as 
the  cracking  of  a  tumbler  when  placed  on  a  stove,  is  of  very  frequent  occur- 
rence, and  admits  of  a  simple  explanation.  The  lower  particles  of  the  glass 
become  heated  and  expanded  sooner  than  the  upper  ones,  which  still  remain 
in  their  original  state.  Hence  a  tension  or  pressure  is  produced  in  the  glass, 
frequently  causing  it  to  crack.  The  thinner  the  glass,  or  the  more  gradually 
it  is  heated,  for  instance,  by  placing  paper  under  it,  the  less  likely  will  there 
be  an  unequal  expansion,  and  consequently,  danger  of  fracture. 

125.  A  second  result  of  the  expansion  of  bodies  by  heat  is  the  decrease 
of  their  density.  This  is  particularly  perceptible  with  fluid  and  gaseous 
bodies.  If  water  is  heated  in  a  vessel,  the  lower  strata,  which  become  heated 
first  and  are  thereby  rendered  less  dense,  rise  to  the  sur£ice,  while  the, colder 
portions  sink  to  the  bottom  of  the  vessel.  A  motion  is  thus  produced  in  the 
water  which  is  perceptible  on  the  introduction  of  a  fine  powder  into  it.  This 
motion  continues  until  the  whole  mass  of  water  has  attained  an  equal  tem- 
perature, and,  therefore,  uniform  density. 

A  still  more  rapid  motion  is  imparted  to  the  air  by  heat  In  warmed 
rooms,  the  lower  stratum  of  air  is  frequently  quite  cold,  while  the  upper 
portion  is  already  thoroughly  warmed.  The  so-called  draughts  in  stoves  are 
caused  only  by  the  ascent  of  air  heated  by  the  fire.  The  ascending  of  warm 
air  may  be  rendered  visible  by  a  very  pretty  little  contrivance.  A  piece  of 
card-board  is  cut  into  a  spiral  form,  and  one  end  is  fixed  on  the  point  of  a 
knitting-needle,  the  other  end  of  which  is  stuck  into  a  piece  of  soft  wood. 
On  standing  this  upon  the  top  of  a  stove,  the  heated  air  as  it  ascends  will 
make  the  card-strip  revolve  round  the  needle,  thus  giving  it  the  appearance 
of  a  snake.  If  a  good-sized  globe  of  thin  paper  be  inflated  with  air,  which 
is  rapidly  heated,  the  globe  will  ascend  to  a  considerable  height,  and  may 
even  be  made  to  remain  a  long  time  in  the  atmosphere,  by  suspending  to  its 
opening,  at  the  bottom,  a  vessel  containing  burning  spirit. 

126.  Winds  are,  generally  speaking,  nothing  more  than  currents  of  air, 
produced  in  consequence  of  the  unequal  temperature  of  different  parts  of  the 
atmosphere.  This  is  most  regularly  shown  by  the  trade-unnds,  which  are 
produced  by  the  ascent  of  heated  air  from  the  equator,  and  its  replacement 
by  dense  cold  currents  of  air  from  the  poles.  The  revolution  of  the  earth, 
however,  tends  to  give  them  a  direction  parallel  with  the  equator,  so  that,  in 
the  northern  hemisphere,  the  trade-winds  follow  the  mean  of  the  two  direc- 
tions, namely,  north-east. 

The  prevailing  land  and  sea  breezes  on  the  coasts  are  also  very  regular.  After 
sunrise,  a  wind  sets  in  from  the  sea  to  the  land,  the  latter  becoming  much  more 
rapidly  heated  by  the  sun  than  the  water,  so  that  the  warm  air  ascending 
from  the  land  is  replaced  by  currents  of  air  coming  from  the  water.  After 
sunset  the  reverse  is  the  case.  The  land  cools  down  more  rapidly ;  in  con- 
sequence of  which  currents  of  air  pass  from  it  to  the  sea.  A  similar  phe- 
nomenon is  observed  at  the  entrance  of  valleys. 

Storms  are  winds  of  tremendous  velocity,  travelling  at  the  rate  of  120  feet 
in  a  second.  They  are  the  results  of  the  sudden  condensation  of  aqueous 
vapour  contained  in  the  atmosphere.     The  air  rushes  with  great  force  from 
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all  sides  into  the  rarefied  space  thus  produced.  The  circumstaDce,  that  the 
appearance  of  storms  is  always  accompanied  by  a  fall  of  the  barometer,  has 
led  to  the  above  explanation  of  these  phenomena. 

If  violent  winds  or  storms  meet  from  opposite  directions,  they  produce 
Mrlvnnds,  which  often  tear  away  with  them  all  movable  objects  to  which 
they  impart  a  drcolar  motion.  On  land  they  give  rise  to  columns  of  sand, 
and  at  sea  they  produce  wcUer-ipouts  (fig.  94). 


94. 

1*27.  In  speaking  of  the  density  of  a  body,  it  is  always  understood  to  bear 
i^^irence  to  a  certain  temperature,  at  which  the  density  was  determined. 
The  densities  of  solid  and  liquid  bodies  vary,  however,  only  slightly  with 
naall  differences  of  temperature.  The  determinations  of  density  are  gene- 
nlly  made  at  a  temperature  of  12**  to  15^  C.  (63°  to  69°  F.). 

8Iight  differences  of  temperature,  however,  greatly  affect  the  density  of 
gueoQs  bodies.  According  to  the  most  accurate  observations,  all  gases 
expand  to  ^^  of  their  volume  for  every  degree  on  the  Centigrade  scale,  cor- 
leiponding  to  an  expansion  of  ^^j  of  their  volume  for  each  Fahrenheit 
^«Sree;  273  cabic  inches  of  air  at  16°  C.  (69°  F.)  occupy  therefore  a  space 
rf  274  cubic  inches  if  their  temperature  is  increased  to  16°  C.  (60-8°  F.), 
whereas  at  14°  C.  (67*2°  F.),  they  will  only  occupy  a  space  of  272  cubic  inches. 

Beddes  the  thermometer,  the  barometer  also  shows  us  that  the  density  of 
the  air  is  not  always  the  same.  For  when  the  barometer  stands  high,  the 
<^ty  of  the  air  is  not  the  same  as  when  its  position  is  low,  as  air,  when 
c^ivged  vrith  aqueous  vapour,  has  naturally  a  different  density  from  dry  air. 

These  circumstances  have,  however,  been  carefully  regarded  and  allowed 
^j  in  the  determination  of  the  density  of  gases ;  when  it  is,  therefore,  said 
(§93)  that  770  cubic  inches  of  atmospheric  air  weigh  ^  oz.,  or,  what  is  the 
Ame,  that  air  is  770  times  lighter  than  water,  it  is  understood  that  the  den- 
ntj determination  was  made  with  dry  air  at  a  barometric  height  of  80  inches, 
«Hi  at  the  temperature  of  0°  C  (32°  F.).  The  same  conditions  hold  good 
^w  the  statements  regarding  the  density  of  all  the  other  gases. 
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As  we  know,  however^  from  §  91,  that  the  spaces  occupied  by  gases  bear 
an  inverse  ratio  to  the  pressure  exert^  upon  them,  and  as  we  are  acquainted 
with  the  extent  to  which  gases  expand  for  every  degree  of  the  thermometer, 
we  may  easily  find  by  calculation  the  density  of  a  gas  for  any  pressure  and 
temperature. 

It  is  now  perfectly  intelligible  why  a  balloon,  filled  with  warm,  and  there- 
fore lighter,  air,  ascends  in  the  atmosphere.  We  are  as  little  surprised  at 
this  as  at  the  rising  of  a  cork  to  the  surface  of  water. 

The  circumstance  that  vines  and  other  plants  occasionally  are  not  frozen 
on  high  hills^  while  they  perish  in  valleys,  is  likewise  accounted  for  by  the 
ascent  of  the  warm  air. 

Ebullition  — Evaporation. 

128.  If  various  bodies  are  exposed  to  a  high  temperature,  they  are  either 
destroyed,  as  is  the  case  with  vegetable  and  animal  productions,  or  they  suffer 
merely  a  change  of  condition. 

Solid  bodies  become  fluid  at  a  certain  temperature.  At  §  122  the  fusing 
or  melting-points  of  various  bodies  have  been  enumerated ;  we  have  only  to 
add  that  the  same  body  always  melts  at  a  certain  temperature ',  lead,  for 
instance,  at  322°  C.  (611°  F.). 

If  a  fused  body  be  continuously  heated,  a  certain  point  will  at  last  be 
attained,  when  its  particles  will,  by  the  influence  of  heat,  assume  the  pro- 
perties of  gases.     Solid  and  fluid  bodies,  when  in  this  state,  are  called 

vapours.  Most  bodies  may 
be  converted  into  vapour, 
although  many  require  a 
very  high  temperature  to 
attain  that  state ;  but,  un- 
der these  conditions,  even 
such  metals  as  iron,  copper, 
or  platinum  may  be  vapor- 
ized. 

Such  bodies  as  may  be 
converted  into  vapour  at  a 
comparatively  low  temper- 
ature are  called  volatile 
bodies. 

All  vapours  remain  in 
that  state  as  long  as  the 
temperature  by  which  they 
were  formed  continues. 
As  soon,  however,  as  it 
decreases,  the  body  con- 
denses to  a  liquid,  which 
may  afterwards  solidify. 

129.  Two  important 
technical  and  chemical 
operations,  namely,  suh' 
Umation  and  duHllation,  are  based  upon  the  property  which  bodies  possess 
of  assuming,  under  the  influence  of  heat,  the  form  of  vapour. 
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The  first  of  Uiese  oon&ists  in  the  conversion  of  icilid  bodies  into  vapour, 
and  the  condensation  of  the  latter  in  appropriate  vessels.  The  condensed 
sabttance  is  generally  deposited  as  a  fine  pulverulent  body,  which  is  called 
a  mhh'maie.  The  most  simple  way  of  effecting  sublimation  is  by  placing  a 
substance,  such  as  camphor,  at  the  sealed  end  of  a  class  tube,  and  applying 
beat  The  camphor  will  soon  be  converted  into  white  vapours,  which  will 
amdense  as  a  fine  powder  at  the  upper,  cool  portion  of  the  tube. 

Di^iUatwn  has  found  far  more  frequent  application  than  sublimation.  It 
is  employed  for  the  separation  of  a  volatile  body  from  other  substances  that 
are  not  volatile,  or  only  very  slightly  so.  Thus,  for  instance,  M  brandy  dis- 
tilleri^  the  volatile  spirit  in  the  fermented  wash  is  separated  from  the 
remainder  by  distillation. 

A  distilling  apparatus  generally  consists  of  three  parts ;  the  still  or  retort 
in  which  the  liquid  is  heated,  the  condenser  in  which  the  vapours  are  con- 
densed, and  the  receiver  in  which  the  distillate  is  collected. 

For  chemical  operations  the  distilling  apparatus  usually  consists  of  a  glass 
retort  and  receiver  (fig.  95);  but  if  the  vapours  are  very  volatile  other 
means  are  required  to  cool  and  condense  them  perfectly,  otherwise  a  con- 
Eaderable  portion  would  escape  into  the  air  and  thus  be  lost. 


In  such  oases  the  arrangements  shown  in  fig.  96  answer  exceedingly  well 
&r  small  operations.  The  vapours  generated  in  the  distilling  flask  pass  into 
the  long  glass-tube,  a  a,  which  is  encased  in  a  vnder  one  of  tin-plate  or  zinc 
h.  The  spaoe  between  the  two  tubes  is  filled  with  cold  water,  which  is 
introduced  by  the  fonnel-tube  e,  whilst  the  warm  water  flows  out  from  the 
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tube  /.     By  this  arrangement  the  vapours  are  perfectly  condensed,  and 
may  be  collected  in  a  receiver. 

An  apparatus  similar  to  that  shown  in  fig.  97  is  employed  for  distilling 
brandy  and  spirits  of  wine.  It  consists  of  a  copper  still  A  mounted  in  a 
brick  furnace,  and  to  which  is  adapted  a  dome-shaped  head  B.  The  head 
of  the  still,  terminating  in  the  bent  tube  bed,  communicates  with  the  woroi 
0;  which  is  enclosed  in  a  large  cylinder  of  metal  p  qrj)  kept  continually 


97. 

filled  with  water.  The  fermented  liquid  is  introduced  at  the  tubulure  L 
As  the  water  in  the  cylinder  becomes  heated  by  the  condensation  of  the 
vapours  in  the  worm,  it  is  necessary  from  time  to  time  to  renew  it.  This  is 
most  conveniently  effected  by  allowing  a  stream,  from  a  reservoir  of  cold 
water,  to  run  slowly  through  the  funnel-tube  T  T',  which  communicates  with 
the  bottom  of  the  cylinder.  The  heated  water  rises  to  the  surface,  and 
escapes  by  the  tube  o,  whilst  the  condensed  spirit  passes  out  at  the  inferior 
extremity  of  the  worm  a,  and  is  collected  in  the  receiver  at  C. 

It  must,  however,  be  remarked  that  there  exists  an  innumerable  variety 
of  arrangements  for  distilling,  which  all  correspond  in  the  most  important 
points  with  the  apparatus  just  described,  whatever  may  be  their  form. 

130.  When  water  is  heated  in  an  open  vessel,  its  conversion  into  vapour 
is  opposed  by  two  forces,  viz.,  the  cohesion  of  its  own  particles  and  the 
pressure  of  the  atmosphere,  by  which  they  are  compressed  together.  These 
impediments  must,  therefore,  both  be  overcome  in  the  formation  of  vapour. 

By  the  continued  heating  of  water,  till  it  attains  the  temperature  of  100^  0. 
(212°  F.),  its  particles  at  last  acquire  a  tendency  to  separate,  which  is  greater 
than  the  counteracting  forces.  From  the  moment  that  temperature  is 
attained,  bubbles  of  vapour  will  be  seen  to  form  at  the  lowest  portion  of  the 
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Teasel,  to  rise  to  the  snrface  of  the  water,  imparting  to  it  an  nndulatory 
motkm,  and  finally  to  escape  into  the  air.  This  phenomenon  is  termed 
dmUition  or  hoUing;  the  tension  of  the  vapour  forming  the  huhhles  is  equal 
to  the  pressure  of  the  atmosphere,  otherwise,  of  course,  thej  could  not  be 
fonned.  In  this  manner  any  quantity  of  water  may  be  perfectly  converted 
into  vapour,  and  it  will  be  observed  that,  during  the  entire  period  that  ebul- 
lidon  continues,  the  thermometer  will  not  rise  above  100°  C.  (212°  F.), 
however  large  may  be  the  fire  applied  to  the  bottom  of  the  vessel.  All  the 
heat  in  this  case  goes  over  to  the  vapours  produced,  as  will  be  presently 
shown. 

If  water  be  heated  to  ebullition  on  the  top  of  a  high  mountain,  and  a 
thermometer  introduced,  it  will  be  found  that  the  latter  will  not  rise  to 
100°  C.  (212°  F.).  The  reason  of  this  may  be  easily  explained.  The 
pressure  ca  the  air  upon  the  water  is  less  at  this  height,  consequently  the 
latter  must  boil  at  a  lower  temperature  than  it  would  at  the  common  level. 
On  the  high  plane  of  Quito,  which  lies  8,724  feet  above  the  level  of  the 
sea,  water  boik  at  90°  C.  (194°  F.).  An  Qgg  cannot,  therefore,  be  boiled 
hard  there  in  an  open  vessel.  If  the  air  in  a  vessel,  containing  a  little 
water,  be  highly  rarefied  or  almost  entirely  removed  by  the  air-pump  or 
other  means,  the  water  may  be  made  to  boil  even  by  the  heat  of  the  hand. 

131.  When  water  is  exposed  in  the  open  air  it  vaporizes  even  without 
tbe  application  of  heat.  This  spontaneous  evaporation  proceeds  but  slowly, 
and  is  called  vaporization.  The  rapidity  with  which  a  certain  amount  of 
water  evaporates  is  proportionate  to  the  extent  of  its  surface  in  contact  with 
the  air,  to  the  dryness  and  warmth  of  the  latter,  and  to  the  rapidity  with 
vhieh  fresh  layers  of  air  are  allowed  to  pass  over  its  surface. 

132.  The  amount  of  moisture  contained  in  the  air  is  regulated  by  atmo- 
^erie  temperature,  and  by  the  quantity  of  available  water.  A  certain 
amount  of  air  contains  more  water,  if  taken  from  over  the  surface  of  the 
sea  in  hot  climates,  than  if  obtained  from  the  cold  steppes  of  Northern  Asia, 
or  the  hot  and  dry  sandy  deserts  of  Africa.  The  air  is  saturated  with  mois- 
ture, when  it  contains  quite  as  much  water  as  corresponds  to  the  tempera- 
tore.  When  the  air  approaches  to  this  state  it  is  called  damp^  and  when  it 
•ootains  much  less  water  than  corresponds  to  its  temperature  it  is  termed 
dry  air.  This  explains  why  air  which  is  called  dry,  for  instance,  in  Italy, 
may,  notwithstanding,  contain  more  water  than  what  is  termed  damp  air  in 
colder  countries. 

When  the  air  is  saturated  with  moisture  it  can  no  longer  take  up  fresh 
quantities,  hence  water  when  brought  in  contact  with  it  w3l  not  evaporate 
or  decrease  in  quantity.  As  soon,  however,  as  its  temperature  is  increased, 
it  is  capable  of  taking  up  more  moisture.  Various  means  are  employed  to 
iseertain  the  amount  of  aqueous  vapour  contained  in  air.  Thus  there  are 
many  solid  substances,  as  chloride  of  sodium  or  common  salt,  that  attract 
the  water  from  damp  air,  and  become  moist,  or  even  assume  the  liquid  form, 
as  is  the  case  with  potassa. 

Other  substances  only  change  their  form  in  attracting  water.  To  these 
belong  the  porous  bodies,  particularly  those  consisting  of  capillary  tubes,  as 
hairs,  portions  of  plants,  wool,  or  strings.  Ladies'  hair,  for  example,  that 
evb  so  beaoti/ally  in  dry  weather,  will  become  perfectly  straight  in  damp 
atmo^heies.     Wood  swells,  musical  instruments  are  put  out  of  tune,  and 
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many  other  phenomeDa  are  due  to  the  same  cause.  An  apparatus  has  been 
constructed  in  which  a  human  hair,  as  it  stret^ches  or  shrinks,  sets  an  index 
in  motion,  whereby  a  very  accurate  idea  may  be  formed  of  the  amount  of 
moisture  in  the  air.  Numerous  other  hygrometers  or  pst/chromete7's  have 
been  constructed,  which  we  shall,  however,  refrain  from  describing. 

133.  If  air,  saturated  with  aqueous  vapour,  be  cooled  down,  for  instance, 
by  winds,  it  will  of  course  no  longer  retain  the  same  amount  of  water.  A 
portion  of  the  latter  is,  therefore,  condensed,  and,  if  the  condensation  takes 
place  close  to  the  surface  of  the  earth,  becomes  visible  to  the  eye  as  fog,  or 
as  clouds  if  the  vapours  separate  at  a  greater  height.  The  formation  of  fog 
may  bo  observed  on  a  small  scale  at  every  breath  we  take,  when  the  warm 
air,  saturated  with  aqueous  vapour  as  it  proceeds  from  our  lungs,  is  exhaled 
into  a  colder  medium. 

Fogs  and  clouds  consist  of  an  immense  number  of  exceedingly  small 
7u>Uow  globules  of  water.  Although  heavier  than  the  air,  they  do  not  fall  to 
the  earth  immediately  upon  their  formation,  but,  like  soap-bubbles,  are 
retained,  often  for  a  considerable  length  of  time,  in  suspension  by  the  action 
of  currents  of  air,  and  are  driven  from  one  place  to  another. 

Various  names  have  been  given  to  the  clouds,  according  to  their  form  and 
mass :  thus  there  are  the  feathery  cloud  or  cirrus,  the  dense  doud  or  cumulus^ 
and  stratified  clouds  or  stratus,  which  again  merge  into  a  variety  of  others, 
such  as  the  cirro-cumulus,  cumulo-stratus,  &c. 

134.  Rain  is  produced  when  the  clouds,  unimpeded  by  winds,  sink  down 
to  the  lower  strata  of  air,  which  are  saturated  with  moisture,  so  that  the 
globules  of  water  increase  in  size,  by  the  condensation  of  fresh  particles, 
until  they  at  last  form  drops  of  rain,  which  rapidly  increase  as  they  descend 
to  the  earth.  '  ' 

The  formation  of  snow  is  not  so  easily 
explained.  If  we  assume  damp  currenta 
of  air  to  come  from  warmer  regions  to 
much  colder  ones,  the  aqueous  vapour 
they  contain  may  form  itself  into  very 
minute  particles  of  ice,  instead  of  into 
globules  of  water,  thus  producing  snow- 
clouds,  from  which  these  particles  of  ice 
descend  in  flakes  of  various  sizes  and 
forms.  By  the  aid  of  the  microscope  the 
flakes  of  snow  are  observed  to  consist 
of  a  large  number  of  regular  six-sided 
prisms,  elongated,  and  grouped  around  a 
centre,  in  such  a  manner  as  to  form 
always  angles  of  60^  or  120°.  Nos.  2, 
3,  4,  6,  6,  7,  and  8  (j^s,  98)  represent 
some  of  the  most  simple  groups.  But 
frequently  it  presents  itself  in  less  com- 
plicated forms,  and  sometimes  we  recog- 
nise perfectly  regular  six-sided  plates,  as 
shown  in  No.  1. 

The  formation  of  hail  is  one  of  those 
natural  phenomena,  of  which  we  are  as 
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jet  noable  to  fornish  a  sufficiently  satis&ctory  explanation.  It  is  more  par- 
dcnlarly  difficult  to  conceive  how  these  pieces  of  ice  are  produced,  in  the 
height  of  summer,  at  no  very  great  altitudes.  They  are  frequently  met 
with  of  considerable  size,  weighing  upwards  of  an  ounce,  and  some  even 
from  a  quarter  to  half  a  pound.  The  destruction  effected  by  hail  renders  it 
one  of  the  most  fearful  scourges  to  agriculturists.  Thus,  in  the  year  1788, 
a  hail-storm  passed  over  the  whole  of  France  from  the  Pyrenees  to  Holland, 
destroying  in  about  six  hours  the  crops  of  1,039  communities:  the  loss 
sastaioed  amounted  to  upwards  of  a  million  pounds. 

2>«c  and  JH6ar-fro$t.  —  After  sunset  the  sur&ce  of  the  earth  radiates 
towards  the  sky  the  heat  which  is  absorbed  during  the  day.  It  is  often 
cooled  down  thereby  to  such  an  extent  that  the  vapours  contained  in  the, 
lower  strata  of  air  are  condensed  into  water,  which  is  deposited  as  dew  upon 
all  the  objects  on  l^e  surfiM^  of  the  earth.  As  plants,  and  particularly 
grasses,  possess  a  stronger  radiating  power  than  earth  and  stones,  they 
are  fiist  covered  with  dew.  When  the  sky  is  clouded,  the  nocturnal  radia- 
tion is  impeded  by  the  clouds,  and  in  that  case  no  dew  is  formed.  Thus, 
dew  is  likewise  not  deposited  under  tents,  tables,  or  other 
coverings,  placed  in  the  open  air. 

If  those  bodies  on  which  the  dew  is  deposited,  have 
eookd  down  to  below  the  freezing-point,  it  is  converted  into 
ice,  and  is  then  called  Jioar-frost, 

135.  K  common  salt,  sugar,  or  other  substances  are 
dissolved  in  water,  their  solutions  must  be  heated  above 
100^  C.  (212^  F.)  before  they  will  enter  into  ebullition. 
Most  kinds  of  food,  as  they  are  boiled,  possess  a  higher 
temperature,  and,  therefore,  such  liquids  will  produce  more 
eenons  scalds  than  boiling  water  alone. 

136.  If  water  be  heated  in  a  close  vessel,  so  that  the 
eteam  as  it  is  formed  cannot  escape,  the  temperature  of  the 
water  increases  continually,  and  the  vapours  acquire  a 
greater  tension,  the  force  of  which  becomes  at  last  tremen- 
dous. Strong  iron  vessels  are  therefore  generally  taken 
for  such  experiments. 

On  heating  some  water  in  a  Wollaston's  bulb  (fig.  99),  the  opening  of 
which  is  hermetically  closed  by  the  piston,  the  tension  of  the  aqueous  vapour 
vill  soon  raise  the  piston  in  the  tube.  If  the  vessel  be  now  immersed  in 
«^  water,  by  which  the  steam  is  suddenly  condensed,  a  rarefied  space  will 
of  course  be  produced  below  the  piston,  into  which  the  latter  will  again  be 
forced  by  the  outer  pressure  of  the  air. 

This  simple  experiment,  by  forcing  up  and  down  the  piston,  illustrates 
the  principle  of  the  steam-engine. 
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137.  In  the  introduction  to  this  work,  the  invention  of  the  art  of  printing 
vas  spoken  of  as  an  event  which  had  secured  to  science  an  eternal  duration, 
ud  famished  it  with  auxiliary  means,  without  which  it  would  never  have 
sttifoed  its  present  exalted  position. 

The  invention  of  the  steam-engine  is  of  similar  importance  to  the  arts. 
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It  furnishes  man  with  power  equal  to  hundreds  of  thousands  of  hands  and 
numberless  horses  and  beasts  of  burden.  It  renders  the  mariner  indepen- 
dent of  wind  and  tide,  and  sets  our  mills  in  motion,  whether  the  streams  be 
dried  up  or  frozen  by  the  winter  cold  —  it  overcomes  with  ease  the  heayiest 
weights,  and  accomplishes  the  greatest  distances  with  the  velocity  of  the 
wind. 

And  as  every  important  alteration  in  the  external  conditions  of  man  has 
an  influence  on  his  inward  state,  so  the  power  of  steam  has  also  had  an  import- 
ant influence  over  the  condition  of  his  mind. 

If  it  is  the  office  of  the  printing-press  to  establish  and  extend  ideas  and 
thoughts,  it  is  also  an  important  function  of  the  steam-engine  to  work  oat 
ideas  and  establish  facts ;  if  by  the  former  centuries  are  brought  into  con- 
nexion, the  latter  serves  to  connect  and  link  together  men  of  the  present  age. 

A  space  should,  therefore,  be  more  particularly  set  aside  in  this  work  for 
the  contempktion  of  the  steam-engine,  in  order  that  its  power  may  not 
appear  to  us  as  something  supernaturally  wonderful,  but  that  it  may  serve 
us  as  a  wonderful  example  of  the  forces  of  Nature  being  made  subservient 
to  the  mind  of  man. 


138.  The  steam-enqine  derives  its  power  from  the  tension  of  confined 
aqueous  vapour  heated  above  the  temperature  of  boiling  water.     Steam  is 
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Implied  either  to  statianary  engmes,  for  steam-nulb  or  steftao-yeeselfl,  or  to 
movable  eogineSy  or  locamotives,  which  are  used  on  railways.  The  constmo- 
tioD  of  these  two  kinds  of  engines  differs  in  many  respects. 

In  eiamining  the  stationary  engine  we  have  first  to  consider  the  genera- 
tion of  the  steam,  and  afterwards  its  application  as  a  motive  power. 

The  steam  is  generated  in  an  iron  sieamrboiler.  There  are  various  forma 
of  hcaien,  hut  me  main  point  in  their  construction  is  always  the  exposure 
of  the  greatest  possible  sor&ce  to  the  action  of  the  fire.  The  general  form 
of  the  boiler  is  that  of  a  tube  closed  at  both  ends,  and  perfectly  surrounded 
bj  the  fire.  By  this  means  a  great  quantity  of  water  may  be  rapidly  con- 
Terted  into  steam.  The  latter  is  conducted  by  means  of  a  pipe  from  the 
boiler  into  the  engine,  which  we  shall  now  proceed  to  describe. 

iig.  100  represents  a  modem  double-acting  low-pressure  engine,  which  is 
nrtiralariy  ackpted  for  impelling  machinery.  The  piston,  being  acted  on 
oj  the  steam  within  the  cylinder  a,  communicates  its  required  motion  to  b 
throng  the  medium  of  the  piston-rod  and  the  parallel  motion  which  con- 
Dects  it  to  the  beam.  To  the  opposite  end  of  the  beam  is  attached  the  co&- 
necting  rod  c,  the  lower  end  of  which  being  jointed  to  the  crank  dy  a  rotatory 
motion  is  thus  imparted  to  the  wheel ;  the  crank  being  properly  supported 
on  plummer  blocks.  Affixed  to  the  crank-shaft  and  behind  the  crank  is  what 
is  termed  an  eccentric  wheel  e;  so  styled  from  the  circumstance  of  the  wheel 
cot  being  concentric  with  the  shaft  upon  which  it  is  fixed.  The  eccentric 
wheel,  which  it  will  be  seen  is  merely  a  convenient  substitute  for  a  short 
cnnk,  has  a  groove  or  depression  turned  round  its  edge  into  which  a  corre> 
spondbg  metal  hoop  or  strap,  joined  together  in  two  halves,  is  fitted  so  as  to 
^ow  the  wheel  to  revolve  easily  within  it.  Fastened  to  one  side  of  the 
hoop,  and  projecting  from  it  horizontally,  is  the  eocentric  rod,  as  it  is  termed. 
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//» which  embraces  a  pin  on  the  end  of  a  lever  at  g.  In  fig.  101,  a  b  repre- 
Knt  the  eccentric  rod,  and  c  the  eccentric  wheel,  each  enlarged  and  detached 
fi^om  each  other.  It  will  be  observed  that  the  part  of  the  rod,  where  it 
cnbnees  the  pin  of  the  lever,  is  indented  below  into  a  circular  hollow,  so 
*hit  it  may  be  disengaged  from  the  lever  by  being  simply  raised.  Whilst 
the  engine  is  in  action,  the  eccentric  wheel,  as  it  revolveS|  imparts  a  recip- 
7 


gg  PHYSICS. 

rocating  movement^  by  means  of  the  eccentric  rod,  to  the  lever  at  g^  the 
axis  of  which;  termed  the  rocking  or  wiper  shaft,  has  on  opposite  sides  of  it 
two  other  levers ;  these  operate  on  the  valves  through  the  medium  of  the 
rods  h,  and  %  as  well  as  the  levers  at  h  and  I. 

The  spindles  of  the  steam-valves  are  hollow,  and  have  stuffing-boxes  at 
their  upper  ends ;  whilst  the  spindles  of  the  eduction-valves  being  longer, 
are  made  to  work  through  the  steam-valves,  and  through  the  stuffing-boses 
80  as  to  be  steam-tight.  The  valves  are  opened  by  the  action  of  the  eccen- 
tric wheel,  and  are  closed  by  weights,  which  have  been  omitted,  to  render 
what  is  shown  more  intelligible. 

The  condenser  m  is  kept  exhausted  by  the  air-pump  n ;  the  water  deli- 
vered by  the  latter  into  the  hot  well  o  being  conveyed  to  the  boiler  by  the 
hot-water  pump  p.  The  cold  water  necessary  to  maintain  the  vacuum 
within  the  condenser  is  supplied  by  the  cold-water  pump  q.  The  governor  r 
is  set  in  motion  by  bevelled  wheels,  driven  by  the  engine,  and  it  is  supported 
in  an  upright  position  by  a  frame  or  bracket.  Instead  of  a  sliding  collar 
there  is  a  perforated  ball  at  the  top  of  the  governor,  and  which  rises  or  fiJls 
according  as  the  balls  of  the  governor  diverge  or  collapse.  A  vertical  rod 
extends  from  the  top  of  the  said  ball,  and  it  communicates  with  the  throttle- 
valve  by  means  of  a  horizontal  rod  r,  situated  above,  as  well  as  by  another 
upright  rod,  also  marked  r,  depending  from  the  latter.  At  the  two  points 
where  the  various  rods  join,  there  is  a  bell-crank  lever  that  serves  to  connect 
them ;  and  it  will  be  observed,  a  ball  is  attached  near  the  lower  end  of  the 
rod  next  the  throttle-valve :  the  use  of  this  ball,  as  likewise  of  the  other  one 
immediately  above  the  governor,  is  to  keep  the  several  rods  between  them 
stretched,  as  otherwise  each  rod  would  require  to  be  so  strong  as  not  to  yield 
by  bending.  The  balls  are  made  to  balance  each  other;  and,  therefore, 
according  as  either  is  elevated  or  depressed,  the  other  ball  becomes  at  the 
same  time  influenced  in  the  opposite  direction. 

139.  The  power  of  a  steam-encine  is  dependent  on  the  tension  or  pressure 
of  the  steam  employed,  and  on  the  surface  of  the  piston. 

Assuming  the  steam  to  have  a  tension  equal  to  the  pressure  of  the  atmo- 
sphere, and  the  surface  of  the  piston  to  be  1,378  sqviare  inches,  the  latter 
will,  according  to  §  77,  be  pressed  downwards  with  as  much  force  as  if  it 
were  loaded  with  20,000  pounds.  Supposing,  however,  the  pressure  of  the 
steam  to  be  trebled  or  quadrupled,  the  power  of  the  engine  will  likewise 
increase  in  the  same  degree. 

Engines  in  which  steam  of  low  pressure  is  employed  are  called  lovo-pressurt 
engines,  while  those  that  are  worked  with  steam  of  great  pressure  are  termed 
high-pressure  engines. 

It  must  not,  however,  be  imagined  that  low-pressure  engines  are  less 
powerful  than  those  of  high-pressure.  The  cylinders  in  the  latter  are  smaller, 
by  which  the  difference  in  pressure  is  compensated  for;  the  force  exerted  by 
the  pressure  of  one  atmosphere  on  a  piston,  the  surface  of  which  measures 
four  square  feet,  being  evidently  equal  to  that  of  four  atmospheres  on  a 
piston  measuring  one  square  foot. 

The  high-pressure  engine  con^guendy  occupies  the  smaller  space,  particu- 
larly if  the  steam  on  the  one  side  of  the  piston  is  not  removed  by  condensa- 
tion, but  allowed  to  escape  into  the  atmosphere.  The  condenser  and  the 
various  pumps  are  not  required  in  that  case,  and  the  whole  engine  becomes 
much  more  simple  in  consequence.   [Fig.  102  represents  the  high-pressure 
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engine  invented  by  Oliver  Evans,  of  Philadelphia,  in  1784.]   This  kind  of 
engine  is  employed  for  locomotives,  on  account  of  the  small  space  it  occupies. 

140.  An  engine,  working  at  high  pressure,  requires,  in  an  equal  space  of 
time,  about  the  same  amount  of  steam  as  a  low-pressure  engine  of  equal 
power.  The  former  must,  however,  be  so  arranged  as  to  be  capable  of  con- 
verting a  large  amount  of  water  into  steam,  in  a  very  confined  space,  and  in 
a  short  time.  This  is  accomplished  by  allowing  the  air,  heated  in  the  fur- 
nace, to  pass  through  a  series  of  iron  tubes  which  aro  surrounded  by  water, 
as  shown  in  figs.  103  and  104,  which  represent  a  longitudinal  and  a  trans- 
verse section  of  a  locomotive. 

In  fig.  103,  A  A  represents  the  fire-place,  which  is  closed  by  the  door  in 
front.  From  the  fire  the  heated  air  has  no  other  channel  of  escape,  than 
through  the  series  of  horizontal  tubes  which  extend  ^m  A  to  D ;  from  D 
the  heated  air,  together  with  the  smoke,  passes  through  the  funnel  into  the 
atmosphere.  Fig.  104  shows  the  relative  position  of  these  tubes  passing 
through  the  boiler  filled  with  water,  which,  moreover,  surrounds  on  all  sidea 
the  fire-place  itself.  The  water  is  thus  exposed  to  an  extremely  large  heated 
surface,  which  causes  at  every  moment  the  generation  of  a  great  quantity  of 
steam.  The  steam  collects  in  the  space  B  U  above  the  surface  of  the  water; 
and  from  the  chamber  C  passes  by  the  tube  c  into  the  cylinder.  If  the 
position  of  the  mouth  of  the  tube  be  too  low,  the  rapid  ebullition  carries  a 
considerable  quantity  of  water  mechanically  into  the  tube ;  but  in  order  to 
obviate  this  inconvenience,  the  chamber  is  elevated  as  shown  at  C.  The 
tube  c  divides  into  two  branches,  dd,  fig.  104,  one  of  which  is  only  seen  in 
fig.  103.  Each  of  these  tubes  communicates  with  a  chamber  from  which 
the  steam  passes  into  the  cylinder  F.  On  each  side  of  the  carriage  there  is 
one  horizontal  cylinder,  in  which  the  piston  moves  in  the  same  direction. 

From  the  chamber  i,  into  which  the  steam  is  passed  by  the  tubes  c  d,  lead 
two  canals  communicating  with  the  opposite  ends  of  the  cylinder.  Upon 
the  bottom  surface  of  the  chamber  i  is  a  sliding  valve,  which  moves  back- 
wards and  forwards,  and  whose  central  part  forms  a  kind  of  chest  o,  which 
is  open  at  the  bottom.  In  the  position  shown  at  fie.  103,  the  two  canals  are 
closed  by  this  valve.  Let  us  imagine  the  slide  to  he  pushed  so  far  towards 
the  left  hand,  that  the  left  canal  is  no  longer  closed,  but  in  communication 
with  the  cavity  o,  the  right  hand  canal  will  then  be  in  connexion  with  the 
steam  chamber  t;  while  the  slide  is  in  this  position,  the  steam  will  enter  the 
right-hand  end  of  the  cylinder,  and  drive  the  piston  towards  the  opposite  end 
of  the  cylinder,  whilst  the  steam  passes  from  the  lefUhand  side  of  the  piston, 
and  thence  by  the  tube  q  into  the  funnel.  If,  however,  the  slide  is  at  the 
right-hand  end  of  the  chamber,  the  steam  contained  in  the  latter  will  pass 
by  the  left  canal  into  the  cylinder,  and  escape  through  the  right-hand  canal . 
into  the  cavity  o.  The  piston-rod  is  fixed  in  such  a  manner  that  it  can  move 
only  in  a  straight  line.  Fastened  to  the  piston-rod  is  the  connecting-rod, 
which  moves  the  crank  n  around  the  axle  m.  The  middle  wheels  of  the 
carriage  are  fastened  to  the  axle  m,  so  that  the  wheels  perform  an  entire 
revolution  every  time  the  piston  moves  backwards  and  forwards,  and  the 
carriage  is  likewise  propelled  to  a  distance  corresponding  to  the  circumferenoe 
of  the  wheel. 

To  the  axle  m  is  also  fastened  the  eccentric  disc  by  which  the  slide  is  set 
in  motion.     As  is  seen  in  the  figure,  the  X-shaped  end  of  the  rod,  which  is 
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fixed  to  the  ring  of  the  eccentno  disc,  grasps  the  upper  extremity  of  a  lever 
whose  fulcrum  is  seen  at  s.  By  the  motion  of  this  lever  the  rods  / 1,  and 
the  slide  which  is  connected  with  them,  are  moved  backwards  and  forwards. 

In  order  to  reverse  the  motion  of  the  engine,  it  is  necessary  to  raise  the 
lever  N.  The  fulcrum  of  this  lever  is  at  P,  where  its  axis  passes  obliquely 
over  the  whole  carriage.  Upon  each  side  of  the  carriage  is  fastened  the  arm 
of  a  lever,  whose  directioiis  run  parallel  to  the  elongation  of  N  P.  From 
these  arms  of  the  levers  descend  two  vertical  rods,  to  the  X-formed  ends  of 
the  rods  which  are  connected  with  the  eccentric  disc.  It  is  now  evident  that 
by  raising  the  lever-arm  N,  the  X  on  each  side  of  the  carriage  will  be 
pressed  down,  so  that  the  rod  grasps  the  lower  end  of  the  lever  whose  fulcrum 
is  seen  at  s.  According  as  the  rod  grasps  above  or  below,  the  wheel  must 
necessarily  revolve  either  in  the  direction  of  the  arrow  or  in  the  opposite 
direction. 

H  and  L  represent  safety-valves ;  Hs  a  whistle  used  for  giving  signals. 

[Note. — The  drawing  given  on  the  preceding  page  merely  represents  the 
general  construction  of  locomotives.  The  engines  at  present  in  use  on  the 
English  railways  are  furnished  with  a  regulator  in  the  pipe  c,  by  which  the 
steam  passes  from  the  boiler  to  the  cylinders.  The  use  of  the  regulator  is 
to  modify  the  supply  of  steam. — Ed.] 

141.  Machines,  set  in  motion  by  steam,  were  already  constructed  in  the 
seventeenth  century.  They  were,  however,  exceedingly  imperfect,  and  it 
was  not  till  the  year  1763  that  James  Watt  constructed  the  steam-engine, 
identical,  in  the  most  important  points,  with  that  now  in  use.  The  first 
successful  steam-vessel,  on  a  large  scale,  was  constructed  by  the  AmericaD, 
Robert  Fulton,  in  1807. 

The  power  of  the  steam-engine  is  usually  compared  with  horse-power,  and 
it  is  assumed  that  the  power  of  one  horse  will  raise  1500  pounds  to  the 
height  of  3*7  inches  in  a  second  of  time. 

The  fuel  generally  employed  for  steam-engines  is  coal  or  coke.  A  sta- 
tionary engine  of  one-horse  power  requires  about  20  pounds  of  coal  in  an 
hour.     In  the  same  period  of  time  an  engine  of 

2  horse  power  Feqtures    81  pounds  of  coal. 

10  "  100 

20  "  166  " 

100  "  665 

200  "  1100  " 

The  locomotive  and  steam-boat  engines  require  proportionately  a  much 
larger  amount  of  coal. 

Transmission  of  Heat. 

142.  It  is  well  known  that  a  body,  to  which  a  high  degree  of  heat  is 
imparted,  gradually  loses  it,  or,  in  other  words,  cools  down ;  as  also,  that  a 
body  possessing  a  low  temperature  gradually  acquires  a  higher  one,  when 
exposed  to  the  influence  of  heat.  Heat  may,  therefore,  be  said  not  to  be 
enclosable  in  any  substance,  as  it  endeavours  continually  to  maintain  itself 
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in  eqvOibnam  witii  the  surromidiDg  ob^ts;  it  is,  therefore^  in  perpetual 
modon. 

The  tranamissiofi  of  heat  takes  place  in  two  ways.  In  the  first  place,  heat 
mxy  he  transmitted  through  the  whole  mass  of  a  hody  hy  commuDication 
from  one  particle  to  another,  until  all  have  attained  an  equal  temperature. 
This  is  transmission  hy  conduction.  Secondly,  heat  is  transmitted  through 
the  air,  emanating  from  hodies  in  rays,  similar  to  light  and  sound ;  it  is  then 
eslkd  radiated  ii^t. 

143. 'All  hodies  do  not  transmit  heat  with  equal  rapidity  through  their 
mass.  A  pece  of  iron  wire,  or  a  knitting-needle,  cannot  be  held  by  one 
end,  when  the  other  is  heated  to  redness,  without  the  fingers  bein^  burnt, 
while  a  shorter  piece  of  wood  may  bum  at  one  end  and  be  held  by  the  other 
without  the  slightest  inconyenienoe.  Some  bodies  are,  therefore,  good,  others 
are  had  conductors  of  heat. 

Heavy  bodies,  such  as  the  metals,  are  the  best  conductors  of  heat,  while 
sabstanees  of  less  density  only  allow  a  very  slow  transmission  of  heat  through 
their  mass.  This  is  particularly  the  case  if  the  bodies  are  very  porous  and 
looK.  Stones,  earth,  earthenware  vessels,  and  glass  are,  therefore,  numbered 
amongst  the  imperfect  conductors  of  heat ;  while  wood,  straw,  hair,  the  fibres 
of  plants,  and  the  articles  manufactured  therefrom,  are  classed  amongst  the 
bad  conductors. 

Many  of  the  most  common  phenomena  are  the  results  of  the  various  con* 
ducting  powers  of  bodies :  thus,  for  instance,  water  boils  sooner  in  metal 
vessels  than  in  earthen  ones ;  a  piece  of  red-hot  coal  soon  ceases  to  glow 
when  placed  upon  an  iron  plate,  while  it  retains  its  heat  for  a  long  time  when 
placed  upon  wood;  the  cold  sensation  produced  on  touching  metal,  is  likewise 
owing  to  the  rapidity  with  which  the  latter  conducts  away  the  heat  of  the 
hand. 

We  dress  ourselves  in  bad  conductors  of  heat,  such  as  woollen  cloths  and 
fns,  in  order  to  prevent  too  great  a  decrease  of  animal  heat  by  radiation  or 
eondttction.  For  the  same  reason  we  employ  moss,  hay,  and  feathers  for  the 
eoostruction  of  warm  resting-places,  and  envelop  trees  and  plants  in  straw, 
to  protect  them  from  the  cold. 

Air  and  water  are  likewise  bad  conductors  of  heat.  The  air  in  cellars  and 
wells  maintains  nearly  the  same  temperature,  summer  and  winter;  and  we 
hare  already  seen,  at  §  125,  that  water  and  air  transmit  heat  rapidly,  only 
beeause  they  are  set  in  motion  by  it.  Ice  and  snow  likewise  belong  to  that 
ebsB  of  bodies  that  conduct  heat  badly..  Most  winter  crops  would  perish  by 
the  frosty  if  the  J  were  not  protected  by  a  covering  of  snow. 

144.  On  approaching  a  fire,  we  become  sensible  of  a  feeling  of  warmth — 
of  the  rays  of  heat  which  emanate  from  it.  That  heat  reaches  us  in  the 
fonn  of  rays,  is  proved  by  placing  a  screen  between  ourselves  and  the  fire, 
vli£Q  we  ^all  be  protected  from  its  influence.  The  heat  of  the  sun  likewise 
KutheB  the  earth  in  the  form  of  rays,  which  warm  the  air  only  slightly  in 
tktrcoone;  for  the  upper  strata  of  the  atmosphere  are  always  found  to  be 
exlremeiy  cold. 

He  jays  oi  heat,  like  those  of  sound,  are  refracted,  or  deflected,  when 
^  pass  from  one  portion  of  matter  to  another  of  unequal  density ;  they 
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are  also  reflected,  when  tbey  encoanter  solid  sabgtanoes.    These  phenomenm 
are  most  strikinglj  exhibited  bj  burning-glasses  and  reflectors. 

We  shall  describe  the  baming-^lass  in  the  chapter  on  light  Reflectors 
are  concave  mirrors  of  polished  brass.  In  ^.  105,  which  represents  the 
original  contrivance  by  Sir  Humphry  Davy,  two  mirrors  of  this  description 
are  situated  opposite  each  other.  All  the  heat-rays  that  fall  on  the  surface 
of  a  reflector,  in  a  direction  parallel  to  its  axis,  are  reflected  thereby  in  such 
a  manner,  that  they  meet  at  a  certain  point  in  front  of  the  mirror,  at  the 
point  indicated  by  the  bulb  of  'the  thermometer.  The  total  amount  6f  heat- 
rays  collected  by  the  reflector  ml  united  in  this  one  point ;  it  is,  Uierefore, 
called  the  focal-  or  burning-point.  If  an  object  that  emits  heat  be  placed  in 
the  focal-point  of  a  concave  mirror,  the  whole  of  the  heat-rays  that  £dl  upon 
the  latter  are  reflected  in  a  parallel  direction. 

These  properties  of  reflectors 
have  been  proved  by  the  fol- 
lowing experiments.  Two  mir- 
rors are  placed  opposite  each 
other,  as  in  fig.  105,  and  in  the 
focal-point  of  one  of  the  mir- 
rors is  pbced  a  red-hot  iron 
ball,  or  a  ladle  filled  with  red- 
hot  coals.  If  we  now  place  a 
piece  of  tinder  in  the  focal-point 
of  the  other  mirror,  which  may 
be  removed  from  18  to  20  feet, 
the  tinder  will  be  inflamed,  as  all  the  rays  which  proceed  from  the  red-hot 
body  are  collected  by  one  of  the  mirrors,  and  thrown  in  a  parallel  direction 
to  the  other  mirror,  which  collects  them  in  its  focal-point,  and  by  this  means 
sufficient  heat  is  produced  at  this  point  to  ignite  inflammable  bodies.  A  ther- 
mometer, held  slightly  out  of  the  focal-point,  or  in  any  place  between  the 
two  mirrors,  will  show  that  the  heat-rays  produce  no  appreciable  change  of 
temperature  at  any  other  point  than  that  above-named. 

The  temperature  of  the  focal-point  depends  upon  the  size  of  the  reflectors 
and  the  temperature  of  the  source  of  heat.  Reflectors  have  been  constructed 
by  means  of  which  a  temperature  may  be  obtained  by  the  collection  of  the 
sun's  rays  at  the  focal-point,  sufficient  to  melt  and  ignite  substances,  upon 
which  the  fiercest  fires  are  scarcely  capable  of  producing  the  same  effect. 

The  velocity  of  the  rays  of  heat  is  equal  to  those  of  light,  which  travels 
at  the  rate  of  195,000  miles  in  a  second. 

145.  The  relations  exhibited  between  diflTerent  bodies,  and  the  heat-rays 
falling  upon  them,  are  exceedingly  various.  Some  bodies  allow  all  the  rays 
of  heat  to  pass  through  them,  without  retaining  or  absorbing  a  single  par- 
ticle :  this  is  the  case  with  air,  and  also  with  several  solid  bodies^  as,  for 
instance,  rock-salt.  These  are,  however,  exceptions  to  the  rule,  as  all  other 
solids  retain  a  greater  or  smaller  amount  of  the  heat-rays  which  fall  upon 
them. 

As  a  general  rule,  the  denser  the  body,  and  the  lighter  its  colour,  the 
smaller  is  the  amount  of  heat  which  it  will  absorb,  and  vice  versd.  Thus 
lamp-black  will  retain  nearly  all  the  heat-rays  that  fall  upon  it;  while  polished 
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fllTff  or  iron  refleet  ^m  almoBt  completely.  If  one  thermometer  be 
eoTered  with  white  cloth,  and  another  with  black,  and  both  are  equally 
exposed  to  the  sun,  the  one  in  the  black  covering  will  indicate  a  higher  tero- 
peratare  than  the  other.  Snow  will  melt  more  rapidly  when  covered  with 
a  black  cloth  than  it  will  under  a  white  covering.  It  is  intelligible  from 
this,  why  white  or  light-coloured  dresses  should  be  preferred  in  summer,  and 
dark  ones  in  winter. 

Th^e  two  classes  of  bodies  are  likewi^  opposed  to  each  other  in  their 
radiatittg  power.  Dense  bodies  only  possess  this  power  to  a  slight  degree, 
while  it  is  moch  greater  with  porous  bodies.  Thus,  a  hot  liquid,  as  tea  or 
ooffee,  will  cool  much  more  slowly  in  a  bright  metallic  vessel  than  in  a  vessel 
of  earthenware,  which  is  coated  with  lamp-black. 

Latent  oe  Combined  Heat. 

146.  We  have  seen  in  §  130,  that  water,  when  it  has  once  been  heated  to 
the  boiHng  point,  cannot  attain  a  higher  temperature,  even  if  continuously 
exposed  to  a  greater  heat  In  that  case  a  portion  of  the  heat  passes  over 
eoQtiiraallj  to  the  vapour,  and  the  thermometer  will  indicate  100*^  C.  (212^ 
F.),  whether  it  be  immersed  in  the  water  or  the  steam.  If  snow  or  ice,  the 
temperatare  of  which  is  exactly  0*^  C.  (32°  F.),  be  placed  in  a  vessel  on  a 
BtoTe,  the  water  produced  by  its  melting  will  likewise  indicate  a  temperature 
of  0**  C.  (32*^  F.).  All  the  heat  imparted  in  both  cases  appears  merely  to 
serre  for  the  conversion  of  solid  water  into  liquid,  and  of  the  latter  into 
steam,  without  the  water  produced  by  melting  indicating  a  higher  tempera- 
tare  than  the  snow,  or  the  temperature  of  the  steam  being  higher  than  that 
of  the  boiling  water. 

Bodies  are,  therefore,  capable  of  absorbing  heat  without  altering  in  tem- 
postare;  they  are,  however,  converted  thereby  from  the  denser  to  the 
lighter  state.  The  heat  thus  absorbed,  that  is,  rendered  imperceptible  to 
the  sense  of  feeling,  is  said  to  be  latent  or  combined.  The  steam  produced 
It  100^  C.  (212  F.)  is  consequently  water  of  100°  C  (212°  F.)  -f  latent 
heat 

In  all  cases  when  a  body  passes  over  from  a  denser  to  a  lighter  condition, 
a  certain  amount  of  heat  is  always  absorbed  or  rendered  latent  This  heat 
is  abstracted  from  the  surrounding  objects,  the  temperature  of  which  is  con- 
seqiiiently  reduced.  If,  for  example,  water  be  poured  on  the  ground,  on  a 
hot  sammer'a  day,  it  will  pass  over  into  vapour,  abstracting  therebv  a  large 
■monnt  of  heat  fin>m  the  surrounding  air  and  earth,  which  will  be  felt  to  be 
ttaeh  cooler  in  consequence.  If  two  thermometers  be  suspended  together, 
the  bnlb  of  one  being  moist  and  the  other  diy,  the  former  will  indicate  the 
kmer  temperatare,  as  the  water,  evaporating  on  its  surface^  abstracts  a  por- 
tbo  of  its  heat 

147.  Gaseous  bodies,  however,  in  their  transition  to  the  fluid,  or  firom 
that  to  the  solid  state,  part  with  their  latent  heat.  This  liberation  of  heat 
generally  occurs  under  circumstances  where  it  cannot  be  well  perceived ; 
there  are,  however,  a  few  very  striking  examples  of  the  conversion  of  latent 
into  sensible  heat^  one  of  which  is  &e.disengagement  of  heat  in  pouring 
water  over  nnshioked  lime :  the  nature  of  this  experiment  will  be  more  fully 
espkiaed  in  the  section  on  Chemistry. 
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148.  On  heating  equal  weights  of  different  sabstanoes  of  the  temperature 
of  0*=^  C.  (32°  F.)  to  -f  P  C.  r33°-8  F.),  it  wiU  be  observed  that  the^juan- 
tity  of  heat  required  is  very  different.  If  water,  oil  of  turpentine,  iron,  and 
mercury  be  employed  for  the  experiment,  it  will  be  found  that  the  quantities 
of  heat  required  by  these  bodies  to  raise  their  temperatures  from  0°  to  -f  1° 
C.  (32°  to  33°-8  F.)  stand  in  the  relation  of  1  :  ^  :  J  :  ^'j.  Oil  of  turpen- 
tine requires,  therefore,  only  one-half,  iron  one-eighth,  and  mercury  only 
one-thirty-third  of  the  heat  required  by  water  to  attain  the  same  tempera- 
ture. If  two  vessels,  perfectly  similar,  are  procured,  the  one  containing  one 
pound  of  water,  and  the  other  one  pound  of  oil  of  turpentine,  both  of  equal 
temperature,  it  will  be  necessary,  in  order  to  heat  them  both  to  atao^ual 
number  of  degrees,  to  place  under  the  vessels  containing  the  water  tteo 
flames  of  equal  size  to  the  one  that  is  required  by  the  oil  of  turpentine. 

The  relative  quantities  of  heat  required  by  different  bodies  to  attain  an 
equal  increase  in  temperature  are  termed  their  specific  heats.  For  compara- 
tive purposes  the  specific  heat  of  water  is  fixed  at  1. 

It  may  be  concluded  from  these  statements  that  as  every  body  possesses  a 
peculiar  density,  so  likewise  all  bodies  contain  a  certain  quantity  of  heat 
that  cannot  be  indicated  by  the  thermometer,  and  on  the  amount  of  which 
depends  their  capacity  for  absorbing  a  farther  quantity,  or  as  it  is  termed, 
their  capacity  for  heat. 

149.  The  distribution  of  heat  on  the  surface  of  the  earth  is  very  unequal ; 
various  parts  thereof  are  well  known  to  possess  temperatures  varying  very 
much  from  those  of  other  parts.  It  has  been  already  mentioned  that  the 
sun  must  be  considered  as  the  principal  source  of  the  heat  of  the  earth. 
The  sun's  rays  do  not,  however,  fall  in  equal  directions  on  every  point  of 
the  earth's  surface :  in  the  vicinity  of  the  equator  their  direction  is  nearly 
vertical,  while  in  the  countries  approaching  the  poles  they  fall  obliquely ; 
in  fact,  their  direction  becomes  more  oblique  in  proportion  to  the  distance 
from  the  equator.  All  heat-rays  that  fall  upon  a  body  at  an  angle  are,  how- 
ever, reflected  at  the  same  angle,  and  only  those  that  Ml  perpendicularly 
are  perfectly  absorbed.  Hence  the  temperature  at  the  equator  is  much 
higher  than  at  any  other  part  of  the  globe :  in  consequence  of  this  diflfer- 
ence  of  temperature,  the  earth  has  been  divided  into  a  torrid  or  tropical 
zone,  the  two  temperate,  and  the  two  cold  zones  or  polar  regions. 

The  difference  between  summer  and  winter  in  the  temperate  zones  is  occa- 
sioned by  the  greater  length  of  the  days  in  the  first-named  season^  and  by 
the  sun's  rays  reaching  the  earth  in  a  direction  more  approaching  the  per- 
pendicular than  at  any  other  time.  In  the  winter,  when  the  sun  is  nearer 
to  the  earth  by  about  four  and  a  half  millions  of  miles  than  it  is  in  the 
summer,  the  rays  fall  in  a  very  oblique  direction,  t  >  f  \.   ,      ' ,  ^^   ' ,     u #c^v 

150.  By  the  mean  temperature  of  a  day  is  understood  the  mean  of  the 
highest  and  lowest  temperatures  observed  throughout  its  duration.  To 
arrive  at  the  correct  number,  observations  should,  properly  speaking,  be 
made  from  hour  to  hour,.pr  even  at  still  shorter  intervals.  Experience  has 
shown,  however,  that  the  mean  temperature  of  a  day  may  be  arrived  at  with 
sufficient  accuracy  by  observing  the  thermometer  in  the  morning  at  7  o'clock, 
again  at  noon,  and  at  ten  in  the  evening,  and  calculating  the  mean  of  these 
o&ervations.     The  mean  temperature  of  the  day  furnishes,  by  calculation. 
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thai  of  the  month,  and  that  of  the  year  is  obtained  firom  the  temperature 
of  its  twelye  months. 

It  is  evident  that  the  mean  temperatnre  of  various  places  must  be  exceed- 
ingly different^  and  by  way  of  illustration  we  may  subjoin  a  few  examples : — 


1 

FlMB. 

Latitude. 

Mean 
Temperatore. 

Plaoe. 

Latitude. 

Mean 
Temperature. 

j 

C. 

Fahr. 

C. 
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StBeTMrda... 
St  Petersburg 
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48 
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0" 
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48 

41 

41 

28 

22 
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13 

16 

21 

28 
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50  -7 

51  -4 
55  -4 
69    0 
69  -8 
82  -4 

Constantinople. 
Rome 

Munich 

Canton 

Calcutta 

Fr&nkfort  -  on- 

1    the-31aloe.... 

1 

Although  the  greater  number  of  the  above  temperatures  confirm  the  rule, 
that  the  temperature  of  countries  increases  in  proportion  to  their  vicinity  to 
the  equator,  yet  we  find  several  exceptions  to  this  among  the  number  quoted. 
These  arise  from  the  great  influence  exercised  over  the  temperature  by  the 
ntore  of  the  earth  and  of  the  surrounding  objects.  Thus,  countries  under 
the  sune  latitude  will  be  found  to  be  colder  the  higher  they  are  situated,  the 
more  they  are  exposed  to  cold  currents  of  air,  and  the  farther  they  are  dis- 
tutfrom  large  masses  of  water.  Low  countries,  sheltered  from  cold  winds 
by  chains  of  mountains,  and  particularly  with  barren  surfaces,  are  the  hottest 
The  temperature  of  land  is  much  decreased  by  a  luxuriant  vegetation,  partly 
heerase  plants  radiate  a  large  amount  of  heat  during  the  night,  and  partly 
becanae  the  evaporation  of  water  occasioned  by  theufrenders  a  large  amount 
of  heat  latent. 

Comparatively  small  tracts  of  land,  nearly  or  entirely  surrounded  by  large 
Msies  of  water,  as  England,  Italy,  and  the  smaller  islands,  possess  most 
n^brm  temperatures,  partly  because  the  water  requires  a  large  amount  of 
h«it  for  the  formation  of  vapour,  and  partly  because  it  radiates  much  less 
heat  daring  the  night  than  does  the  land.  The  temperature  of  England  is, 
iadeed,  much  more  uniform  than  that  of  Germany ;  and  although  the  mean 
tt8q)enitare  of  the  two  countries  is  the  same  in  many  parts,  yet,  on  the 
CoQtinent,  the  summers  are  hotter  and  the  winters  colder  than  on  our  island, 
fleoee  many  plants  live  through  the  winter  here  that  would  perish  in  Ger- 
aaoy,  while,  on  the  other  hand,  grapes  and  other  kinds  of  fruit  do  not  ripen 
here  as  they  do  abroad^  because  the  heat  of  the  sun  never  attains  a  sufficient 
power. 

III.  Light. 

"Joyful  be  those 
Who  breathe  in  the  rosy  light." — Schiller, 

151.  The  cheering  phenomena  of  light  arise  from  various  allied  causes, 
sad  in  this  sen.se  we  shall  speak  of  the  different  sources  of  light.  As  such 
vtlhall  consider:  —  1-  ^he  sun  and  the  fixed  stars.     2.  Heat^  since  all 
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objects  as  soon  as  Aej  are  exposed  to  a  certain  temperature  appear  laminons, 
it  beiDg  immaterial  whether  it  be  the  result  of  mechanical  or  chemical  action 
(the  latter,  however,  is  most  common).  3.  Electricity.  4.  Many  animals  of 
the  lower  clafises  which  possess  the  property  of  appearing  luminous,  and  of 
which  the  glow-worm  is  the  most  familiar  example.  Many  plants,  particu- 
larly the  Ehizomorpha,  frequently  found  in  mines,  likewise  possess  this  pro- 
perty in  a  small  degree.  5.  The  decay  of  animal  matter,  particularly  of 
fish,  and  the  dry  rot  of  wood,  which  give  rise  to  a  feeble  luminosity.  The 
most  important  of  all  these  sources  of  light  is  the  sun.  Next  to  this,  the 
light  produced  by  the  chemical  process  of  combustion  exercises  the  greatest 
influence. 

In  all  other  cases  besides  those  above  mentioned,  when  light  is  observed 
to  proceed  from  any  object,  it  does  not  originate  with  the  latter,  but  has  been 
previously  communicated  to  it  from  some  of  the  above  sources.  Bodies  are, 
therefore,  lumtnous  or  nonrlumtnaus.  The  light  of  the  moon  is  derived 
from  the  sun,  the  former  being  non-luminous,  Cke  the  earth  and  most  other 
bodies. 

152.  Light  oocurs  so  frequently  in  company  with  heat,  and  corresponds 
with  the  latter  in  so  many  of  its  properties  and  in  so  remarkable  a  manner, 
that  they  have  been  considered  by  many  as  inseparable,  or  more  properly 
speaking,  as  one  and  the  same  thing  in  different  degrees  of  intensity.  They 
may,  however,  be  distinguished  and  separated ;  for  there  are  many  powerful 
kinds  of  light,  for  instance,  that  of  the  JOQiPn  and  of  several  luminous  in- 

J  ^eets,  that  are  unaccompanied  by  any  heat,  or  at  any  rate  by  any  pjiwapliWr 
amount,  and,  on  the  other  hand,  many  substances  may  be  found  that  will 
retain  a  large  amount  of  beat  without  becoming  luminous. 

153.  Light  is  distributed  only  in  rays,  proceeding  from  the  luminous  body 
in  all  directions.  The  velocity  with  which  light  travels  is  extraordinary :  it 
passes  over  195,000  miles  in  a  second  of  time,  and  occupies,  therefore,  only 
eight  minutes  and  thirtegn  seconds  in  travelling  from  the  sun  to  the  earth. 

The  rays  of  light,  when  they  meet  with  substances,  exhibit  a  similar  be- 
haviour to  those  of  sound  and  heat,  the  resulting  phenomena,  however,  being 
naturally  different  in  appearance.     We  will  notice  three  cases  in  particukr. 

(1.)  The  rays  of  light  are  more  or  less  perfectly  intercepted  or  absorbed 
by  the  bodies  which  they  meet. 

(2.)  They  are  thrown  back  or  reflected. 

i3.)  They  pass  through  bodies. 
54.  When  all  the  rays  of  light  filing  upon  a  body  are  absorbed,  they 
disappear  altogether,  or  become  invisible :  the  body  that  has  thus  absorbed 
them  appears  perfectly  black,  A  body  of  this  description  does  not  take  up 
light  by  continued  exposure,  as  it  might  heat,  in  suoh  a  manner  as  to  distri- 
bute it  again  in  any  way.  Thus,  a  want  of  light  ot^shadow  is  produced  on 
the  side  of  the  body  opposite  to  that  which  is  exposed  to  the  rays  of  light. 
Lampblack  is  the  substance  that  most  completely  absorbs  light. 

By  far  the  greater  number  of  bodies  partly  reflect  the  light  as  it  falls  upon 
them,  and  absorb  another  portion.  Dense  bodies,  particularly  bright  metals, 
reflect  light  most  perfectly.  The  reflecting  power  of  other  bodies  decreases 
proportionately  to  their  porosity,  and  consequently  bear  an  inverse  ratio  to 
their  density.  There  is  likewise  a  Want  of  light,  or  shade w^  produced  behind 
those  bodies  that  reflect  light 
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All  bodies  beeome  TisiUe  only  bj  their  refleotnig  the  rajs  of  ligbt ;  it  is 
kighlj  important,  for  the  proper  oompreheasion  of  all  phenomena  of  Tisioni 
to  bear  in  mind  oontinuallj,  that  rays  of  light  proceed  in  all  directions  from 
€9ay  msibie  point  of  a  body,  and  that  the  body  is  rendered  visible  to  us  by 
ooe  of  these  rays  reaehing  our  eyes. 

155.  Such  bodies  as  reflect  light  perfectly  are  oalled  tntrrors.  Without 
regard  to  the  material  of  which  they  consist,  we  disttngnish — 1,  plane  or 
eoiMDon  mirrors ;  2,  concave  or  hollow  mirrors ;  3,  convex  or  raised  mirrors. 

A  i^e  mirror  «  /  fig.  106,  reflects  the  rays  that  fiill  upon  it  in  such  a 
Banner  that  the  incident  ray  r  %  forms  the  same  angle  with  the  perpendicu- 
lar p  t  as  the  reflected  ray  i  d,  whence  it  follows  that  the^ 
rajs  direm  from  a  mirror  in  soch  a  manner  as  though 
thej  israed  from  one  point,  situate  as  far  behind  the  sor- 
&ce  of  the  mirror  as  the  luminous  point  lies  before  it. 
Hence  the  image  appears  to  be  situated  as  far  behind  the  ,    ^^^, 

iar£Ke  of  the  mirror,  as  the  object  is  placed  before  it;    ^^  ,  ^i- 

tad  it  is  reversed  in  such  a  manner  that  the  left  side  of  the  object  becomes 
the  light  side  of  the  image,  and  vice  vend. 

15o.  The  commcm  mirror  consists  of  a  glass  plate,  possessing  surfaces  as 
smooth  and  parallel  as  possible,  one  of  which  is  ooated  with  an  amalgam  of 
tin  and  meroory. 

Mirrors,  the  sur&ces  of  which  are  not  parallel,  and  which  are  otherwise 
ooeven  and  not  clear,  produce  distorted  images,  and,  therefore,  cannot  be 

If  two  mirrors  be  placed  opposite  and  parallel  to  each  other,  the  image  of 
one  mirror  will  be  seen  in  the  other,  and  an  endless  number  of  images  is  thus 
obtained.  If,  however,  the  mirrors  are  so  placed  as  to  form  an  angle,  the 
QOfflber  of  mutoal  refl^Maons  will  be  diminished,  and  indeed  proportionately 
to  the  extent  of  the  ancle  formed  by  Itie  mirrors. 

Hie  construction  of  uie  kakidosco^  is  based  simply  on  the  multiplication 
of  an  image  by  two  mirrors  Tnclined  towards  each  other. 

The  mirror  has  not  only  become  an  indispensable  article  of  furniture,  by 
the  ordinary  uses  made  of  it,  but  has  also  been  applied  in  the  construction 
of  many  optical  instruments. 

157.  A  concave  mirror  may  be  represented  by  a  bright  soup-Lidle  or  the 
reflector  of  a  lantern.     The  important  ap- 

pikatioos  of  this   mirror  render  a  slight  ^^, .^ 

stodj  of  its  properties  necessary.  ^''  ^^ 

A  concave  mirror  may  be  considered  as  JS^\ \ 

a  segment  of  a  hollow  sphere,  V  W,  fig.  ^\  \ \ 

107.     The  central  point  C,  and  the  semi-  B     ''\ \ 

diameter  O  C  may  be  termed  respectively       ^i       JP       c  7 

the  geometrical  ;J£g{jjg|^and   the  radiui,  %  / 

The  point  F  in  fhejmmia^  of  the  radius  is  \^  / 

called  the  focus,  anotne  line  passing  throoffh  '^'^-^^ 

tbe  centre  C,  and  the  focus  F,  is  termed  the  '^^- ^'^ 

optical  axis.     The  point  O  of  the  mirror  yyj 

which  is   met  by  the  prolongation  of  the 
axis  h  called  the  optical  centre. 

All  njs  of  light  that  fall  perpendicular^  upon  this  mirror  are  reflected 
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in  the  Mine  direction,  so  that  they  pass  through  the  eentre  of  C.     All  itja 
that  are  parallel  with  the  optical  axis  are  reflected  hj  the  mirror  towards  the 
focus  F,  and  are  there  collected  (comp.  §  144),.--'      - 
x<  158.  On  approaching  the  concave  mirror  to  anj  object,  various  images 

are  obtained,  according  to  the  distance  between  the  two.  If  an  airow,  for 
example,  be  placed  between  the  focus  and  the  mirror,  a  magnified  image 
thereof  will  be  obtained,  appearinff,  however,  to  be  situated  at  the  back  ci 
^4^K>^  the  mirror,  as  was  the  case  with  the  flsM  mirror.  On  placing  the  arrow 
between  the  focus  and  the  geometrical  centre  of  the  mirror,  a  magnifi^ 
imaffe  will  be  likewise  produced^  appearing,  however,  to  be  situated  in  front 
of  the  mirror. 

Let  us  endeavour  to  account  for  these  phenomena  bj  the  aid  of  fig.  108. 
If  the  ray  A  n  passes  from  the  object  A  B  at  right  angles  upon  Uie  mir- 
ror, it  will  be  r^ected 
a  ^f  in  the  direction  n  A  C; 

^^^*  .;:  /  the  ray  A  c  proceeding 

parallel  with  the  axis 
of  the  mirror  will  be 
reflected  towards  the 
focus  F.  These  two  re- 
flected rays  will  never 
meet  in  front  of  the 
mirror.  If,  however, 
103^  we  imagine  thoir  direo 

tion  to  be  prolonged  at 
the  back  of  the  mirror,  they  will  intersect  each  other  at  the  point  a,  and  the 
object  A  will  appear  to  the  eye  to  be  situated  at  that  point.  The  whole  of 
the  rays  of  light  passing  from  A  B  will  be  similarly  reflected,  and  thus  the 
magnified  image  a  6  is  produced  at  the  back  of  the  mirror. 

In  fig.  109,  where  the  arrow  is  placed  between  the  focus  and  the  geomet- 
riod  centre,  the  ray  A  «  fidling  perpendicularly  on  the  mirror  is  reflected  in 

tbd   same  direction,  whilst 

the  ray  A  c,  that  is  parallel 

with  the  axis  of  the  mirror, 

is  reflected  to  the  focus  F. 

The  point  A  of  the  object 

A  B  must,  therefore,  appear 

to    occupy    that    position 

where,  by  the  prolongation 

of  the   two  reflected  rajs, 

they  appear  to  intersect  each 

other,  which  is  the  case  at 

109.  a,  as  seen   in   the  figure. 

Kays  fidling  on  the  mirror 

from  other  points  of  the  object  would  be  similarly  reflect^,  and  thus  the 

magnified  but  reversed  image  would  appear  situated  in  the  air  in  front  of  the 

mirror. 

It  may  easily  be  proved  that  this  image  really  is  in  the  air,  for  on  holding 
a  sheet  of  white  paper  at  a  h,  the  rays  will  be  intercepted,  and  the  image 
will  be  distinctly  viable  on  the  paper. 


REFRACTION  OP  LIGHT.  lU 

159.  The  concave  mirror  has  found  a  most  important  application  in  the 
tdeseope;  the  so-called  reflecting  telescopes  have  been  oonstmcted  by  which 
enormoos  magnifying  effects  are  prodnced,  such  as  those  obtained  with  Hers- 
^I's  celebnted  gigantic  telescope,  which  measures  five  feet  in  diameter. 
This  kind  of  telescope  has  of  late  met  with  few  applications,  as  its  construo- 
tioA  and  management  are  attended  with  great  difficulties.  It  has  been  already 
stated  in  oar  chapter  on  Heat,  that  concave  mirrors  may  be  used  as  reflect- 
«s.  They  afibrd  likewise  excellent  means  for  increasing  the  power  of  light, 
ts  til  rays  thrown  upon  a  concave  mirror  by  a  light  placed  within  its  focus, 
are  reflected  in  a  psmdlel  direction ;  hence  this  mirror  has  been  applied  to 
lanterns,  magic-lanterns,  and  lighthouses. 

160.  The  convex  mirror  is  of  less  interest  than  the  former.  It  is  also 
calkd  the  dispersing  mirror,  as  all  the  rays  of  light  that  fall  upon  it  are 
reflected  in  a  diverging  direction.  It  produces  diminished  images  of  objects, 
luch  as  may  be  observed  in  polished  raised  metal  buttons,  or  large  glass 
|k)be8,Aa 

Kefraction  op  Light. 

161.  It  has  been  observed  at  §  153,  that  some  bodies  allow  of  the  passage 
of  rays  of  light  through  their  mass.  Such  bodies  are^ — air,  water,  glass, 
and,  in  &ct,  all  such  as  are  called  transparent.  It  is  well  known  that  all 
Mies  do  not  poasess  this  property  to  an  equal  degree.  There  are  semi-trans- 
pvent  and  translucent  bodies,  and  others  that  are  only  translucent  when 
tkdr  mass  is  extremely  thin.  Thus,  even  that  dense  body,  gold,  is  trans- 
keent,  when  beaten  out  into  thin  leaves.  In  the  study  of  light,  however, 
only  those  bodies  are  of  importance  that  are  perfectly  transparent 

As  kmg  as  the  ra3rs  of  light  pass  through  the  same  medium  or  kind  of 
Batter,  for  instance  through  the  air,  their  direction  remains  perfectly  straight 
and  unaltered.  If,  however,  a  ray  of  light  fall  upon  a  transparent  body  of 
greater  or  less  density,  it  will  no  longer  continue  its  motion  in  the  original 
docction,  but  will  follow  another  which  forms  a  greater  or  smaller  angle 
with  the  first. 

In  sneh  a  case  the  ray  of  light  is  said  to  be  broken  or  refracted^  and  the 
n^  denoting  Uie  amount  of  refraction  is  termed  the  angle  of  refraction. 

The  more  common  phenomena  of  refraction  are  observed  when  light  passes 
from  the  space  of  the  universe  into  the  denser  atmosphere  of  our  earth,  or 
when  it  passes  from  air  through  water  or  glass. 

It  is  a  well-known  fact  that  a  straight  stick,  when  partly  immersed  in 
witer,  appears  to  be  broken  at  the  point 
of  immersion.  This  is  in  consequence 
of  the  rays  of  light  that  pass  from  the 
stkk  to  the  eye  following  a  different 
direction  when  they  emerge  from  the 
water.  Thus,  we  should  not  be  able  to 
perceive  the  object  m  in  the  vessel  v  2/, 
%.  110,  if  the  latter  were  empty,  and 
the  eye  were  situated  at  0.  When, 
however,  water  is  poured  into  the  ves- 
sel, the  rays  passing  from  m  to  i  t  are  ^  Hq^ 
refnM^ted  on  emerging  from  the  water, 
axkd  the  object  will  now  appear  to  the  eye  to  be  situated  at  n,  much  higher^ 
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therefore,  than  its  real  position.     Hence,  any  objects  lying  in  water  appesr 
to  be  nearer  its  sarface  than  is  really  the  case. 

162.  On  allowing  a  ray  of  light  to  pass  through  a  thin  body  with  two 
parallel  sarfaoes,  it  undergoes  scarcely  any  perceptible  alteration.  This  is 
observed  in  window-panes,  through  which  objects  appear  in  their  true  posi- 
tion. 

The  case  is,  however,  very  different,  if  the  surfaces  of  tfafe  body,  through 
which  the  light  passes,  are  not  parallel. 

In  experiments  on  this  subject,  curved  glasses  are  always  employed  which 
have  received  the  name  of  leftnei^  as  some  of  them  possess  the  form  of  a 
lentil.  They  are  of  great  importance  in  the  construction  of  telesoopes  and 
powerful  microscopes. 

168.  Lenses,  like  mirrors,  are  distinguished  into  those  that  collect  the 
rays  of  light  and  those  that  disperse  them. 

The  collecting  lenses  are  always  thickest  in  their  centre ;  they  are  called 
douhle  convex  hnses.  These  likewise  contain  a  focus,  a  geometrical  central 
point,  and  an  axis,  like  the  om/mm  mirror :  the  kind  of  image  obtained  by 
this  lens  is  dependent  on  the  position  of  the  object.  All  rays  passing  through 
the  central  point  of  these  lenses  remain  unaltered,  while  those  whose  direc- 
tion is  parallel  with  the  axis  are  refracted  by  the  glass  in  such  a  manner 
that  they  unite  at  one  external  point. 

The  focus  of  a  lens  may  easily  be  found  by  allowing  the  rays  of  the  soa 
to  fall  perpendicularly  on  one  side  of  it,  whilst  a  sheet  of  paper  is  held  oa 
the  other.  A  bright  ring  of  light  will  be  observed  on  the  latter,  diminishiag 
or  incr^sing  in  size  according  to  the  distance  of  the  paper  from  the  glaaa 
If  the  former  be  held  in  such  a  manner  that  the  ring  of  liffht  is  reduced  to 
a  dazzling  luminous  point,  it  is  then  situated  in  the  focus  of  the  glass.  The 
heat-rays  that  accompany  those  of  light  are  likewise  united  at  this  point, 
which  is  found,  in  consequence,  to  possess  a  high  temperature,  frequently 
sufficient  to  ignite  substances.  The  double  convex  lens  has  hence  been  also 
called  the  bumtng-gias$. 

We  will  now  proceed  to  examine  the  phenomena  produced  hj  convex 
glasses. 


111. 


Fig.  11 1  represents  a  lens  Y  W,  and  an  object  A  B,  situated  between  the 
glass  and  its  focus  F.  The  ray  A  c  is  now  so  refracted  as  to  appear  to  the 
eye,  on  the  other  side  of  the  lens,  to  come  firom  a.    The  ray  coming  from  B 
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behaves  in  a  nmilar  manoer ;  so  that  a  magoified  image  of  the  object  is 
obtained  on  the  same  side  of  the  lens. 

If,  however,  the  object  is  farther  removed  from  the  lens  than  the  focal- 
poJDt  F,  as  in  %.  112,  an  inverted  magnified  image  of  the  object  is  obtained 
on  the  opposite  side  of  the  lens,  and  may  be  allowed  to  fall  upon  paper. 


112. 


IW.  The  concave  lens  may  be  also  called  the  hollow  lens,  as  it  is  spheri- 
edy  holkired  oat  on  both  sides  (fig.  113).  Its  properties  are  widely  differ- 
ent from  those  of  ^e  convex  lens,  all  the  rays  that  fall  upon  it  in  a  direction 
ptnJlel  with  its  axis  being  so  refracted  that  they  diverge,  on  emerging  from 
the  km,  as  though  they  issued  from  the  point  F. 


118. 


B  converging  rays  fall  npon  a  concave  lens,  they  will  emerge  either  in  a 
pmDel  direction,  fig.  118,  or,' if  they  oonveige  only  Aightiy,  as  in  ^.  114, 
thej  will  diverge  on  passing  out. 


114. 

Concave  lenses  are  henoe  called  diverging  glasses. 
1^.  A  Yerj  great  importance  is  given  to  polished  ghisses  by  the  proper- 
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ties  we  have  jost  described.  Thus  the  double  oonvex  less  by  itself  is  the 
mngnifjing  glass  in  its  most  simple  form ;  it  passes  under  the  genend 
name  of  lens,  and  is  employed  by  watch-makers,  engrayers,  mould-cuttersy 
&c.  It  is  likewise  indispensable  to  botanists  and  anatomists.  By  ai^  appro- 
priate combination  of  lenses,  microscopes  are  constructed,  capable  of  furnish- 
ing images  of  the  objects  observed  through  them,  magnified  from  100  to 
1,000  times.  By  means  of  these  instruments,  myriads  of  minute  living 
creatures  have  been  discovered,  of  the  existence  of  which  no  conception  was 
previously  entertained,  and  the  most  important  discoveries  have  been  made 
regarding  the  structure  of  plants  and  the  larger  animals. 

These  glasses  have,  however,  not  only  served  to  increase  the  visual  powers 
of  the  human  eye  with  regard  to  objects  in  its  vicinity,  but  they  have  become 
the  key  to  the  infinite  space  of  the  heavens,  and  far-d^tant  worlds  have  been 
brought  by  them  within  the  range  of  our  vision.  Such  combinations  of 
lenses  as  serve  for  observations  in  the  distance  are  termed  tdescopa :  the 
general  principle  of  their  construction  is,  that  the  rays  of  light  proceeding 
from  a  distant  object  are  collected  by  a  very  large  lens,  termed  the  object- 
glass,  or  by  a  large  concave  mirror,  and  the  image  thus  obtained  is  magnified 
by  a  second  lens  or  the  eye-glass. 

It  is  to  telescopes  of  this  description  that  we  are  solely  indebted  for  our 
knowledge  of  the  wondrous  construction  of  the  moon's  surface,  of  the  satel- 
lites of  Jupiter,  of  Saturn's  ring,  and  of  many  other  important  astronontioal 
phenomena.  The  telescope  is  likewise  indispensable  to  land-sarveyors,  mari- 
ners, military  men,  &c. 

Finally,  we  have  to  call  attention  to  a  particular  application  of  the  images 
produced  in  the  air  by  lenses,  as  in  fig.  112.  If  an  image  of  this  descrip- 
tion be  allowed  to  fall  upon  a  white  surface,  in  a  dark  chamber  (camera 
obscura),  it  may  easily  be  traced  thereon  by  means  of  a  pencil.  If  the 
object  be  very  powerfully  illumined  by  a  double  convex  lens,  a  highly-mag- 
nified image  may  be  obtained  on  a  white  surface :  such  images  as  these  are 
exhibited  by  the  magic  lantern,  and  more  particularly  by  the  solar  micro- 
scope. /-"^ 

The  art  of  preparing  lenses  of  glass  was  first  practised  in  Holland.  They 
were,  however,  at  first  only  used  for  spectacles,  until  towards  the  close  of 
the  17th  century,  the  microscope  was  invented  by  Leuwenhoeck.  The 
invention  of  the  telescope  is  ascribed  to  Galileo.  Both  instruments  have 
been  gradually  very  much  improved,  the  latter  particularly  by  Kepi>ler, 
Herschel,  Newton,  Ffaunhofer,  and  several  others. 

Vision. 

166.  Of  no  other  organ  of  sense  is  the  purpose  of  each  individual  pari 
so  accurately  known  as  of  the  eye.  It  is,  indeed,  nothing  more  than  a  tole- 
rably simple  optical  instrument,  which  may  be  most  easily  comprehended  hy 
a  careful  examination  of  the  eye  of  an  ox.  On  cutting  one  open,  and 
removing  the  so-called  crystalline  lens,  which  consists  of  a  gelatinous  sub- 
stance, it  will  be  found  to  behave  itself  exactly  like  a  convex  lens  cut  out 
of  glass. 

The  Physicist  views  the  apple  of  the  eye  as  a  small  round  chamber  (c* 
mera  obscura),  with  a  black  interior  coating,  surrounded  by  membranes,  anc 
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fSM  with  a  perfeetl j-traDsparent  gelatinous  sabstanoe,  which  is  called  the 
vUrtous  hM$notir, 

The  front  part  of  the  membrane  enclosing  the  eye,  the  tunica  scleroticoj 
n  tnosparent,  and  more  strongly  curved  than  the  rest  of  the  globe :  it  is 
called  the  cornea^  and  forms^  with 
the  dear  liquid  it  contains,  the  ante- 
rior  opdc  dumber  h.  The  rays  of 
light  pass  into  the  eye  from  any  ob- 
ject, for  instance,  from  /  f  through  a 
small  round  opening  s «,  called  the 
jnp^;  they  undergo  a  refraction  by 
the  cfjAtalline  lens  c</,  by  which  an  115. 

Boage  of  the  object  is  formed  on  the 

r^iua  m  m',  a  net-like  membrane,  which  is  situated  at  the  back  of  tiie  eye : 
we  become  conscious  of  this  image  through  the  optic  nerve. 

The  rays  of  light  proceeding  from  the  object  I T,  are  first  refracted  in  the 
anterior  optic  chamber  h,  and  afterwards  aoain  undergo  refraction  by  the  lens 
cc  hj  which  a  diminished  image  of  the  object  is  produced  between  mm'. 

That  this  is  really  the  case  may  be  shown  with  the  eye  of  an  ox,  namely, 
\fj  remoring  carefully  the  back  portion  of  the  membrane  in  scales  or  layers, 
so  that  it  becomes  thin  and  translucent,  and  then  holding  an  object,  for  in- 
jlBDce  a  burning  candle,  before  the  pupil  of  the  eye ;  a  small  image  of  the 
eandle  will  then  be  distinctly  visible  on  the  retina. 

It  is  hence  explicable  why  inverted  images  are  obtained  of  all  objects  pre- 
sented to  the  eje,  why,  for  example,  we  see  in  fig.  115  the  point  I  at  m,  and 
the  point  f  at  m',  and  why,  in  the  experiment  with  the  eye  of  an  ox,  the 
dinuBished  imi^  of  the  candle  appears  inverted. 

As  we  are  accustomed  from  our  earliest  youth  to  observe  simultaneously 
with  the  senses  of  vision  and  feeling,  the  observation  made  by  the  former  is 
nwmediately  rectified  by  the  latter. 

It  is  dearly  proved  by  children  and  by  persons  who  are  bom  blind  and 
reeerre  their  sight  in  later  years,  that  we  only  arrive  at  a  correct  conception 
o€  the  situation  of  objects  and  of  distance,  by  our  sense  of  feeling  and  by 
the  naovements  of  our  body. 

167.  Every  one,  in  reading  a  book,  holds  it  at  such  a  distance  from  his 
e^csy  as  will  enable  him  to  see  it  most  distinctiy.  This  distance  is  called  the 
dmimot  o/digHnd  vision^  and  it  generally  amounts  to  eight  or  ten  inches  in 
m  per£ecUy  sound  eye.  At  this  distance,  a  sharply-ctefined  image  of  every 
\sixex  &lls  exactly  upon  the  retina,  the  rays  proceeding  from  every  point  of 
the  object  being  so  refracted  in  the  eye  that  they  reunite  at  one  point  of  the 
retina,  as  seen  in  ^,  115,  and  then  produce  a  perfectly-distinct  image.  If 
we  assume  the  eye  to  retain  the  exact  arrangement  exhibited  in  the  above 
figure,  and  approach  the  object  closer  to  the  eye,  the  rays  proceeding  from 
one  point  of  Uie  former  will  diverge  so  strongly,  that  they  will  not  become 
soffieientlj  lefiacted  by  the  production  of  a  distinct  image  on  the  retina. 
Indeed,  the  image  must  fall  at  the  hack  of  the  retina,  only  an  indistinct 
image  being  then  produced  (%  116).  If  the  object  be  removed  beyond 
the  di^ance  of  distinct  vision,  the  rays  proceeding  from  it  will  converge  to 
sueh  an  extent  as  to  be  united  before  they  arrive  at  the  retina,  and  in  this 
\  an  IndistiBCt  image  is  likewise  produced  (fig.  117). 
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Hence  every  object  that  is  closer  to,  or  more  remote  from,  the  eye,  than 
the  distance  of  distinct  vision,  must  appear  indistinct.    This  i8,Jiowever, 


not  the  case  with  a  perfectly  sound  eye ;  any  object  at  a  distance  is  distinctly 
visible  to  it,  and  will  remain  so,  when  approached,  to  a  certain  limit.  The 
reason  of  this  is,  that  the  arrangement  of  the  refracting  portions  of  the  in- 
terior of  the  eye  is  not  unalterable,  but  may  be  modified  for  distant  or  close 
vision.  If,  on  viewing  an  object  close  at  hand,  the  tunica  sclerotica,  or  fore- 
part of  the  eye,  becomes  more  strongly  curved,  it  will  receive  a  greater  re- 
fracting power,  whereby  the  image  is  made  to  fall  on  the  retina.  When  the 
eye  observes  remote  objects,  this  portion  of  the  eye  becomes  flattened,  and 
the  distance  at  which  the  rays  unite,  in  front  of  the  retina,  is  thereby 
diminished. 

This  capacity  of  the  eye  to  suit  itself  to  viewing  distant  or  contiguous 
objects,  is  called  its  power  of  adaptation  or  accommodation.  This  power 
is,  however,  not  common  to  all  eyes.  By  frequently  or  continually  looking 
at  objects  too  close,  particularly  in  one's  youth,  the  forepart  of  the  eyes  will 
soon  acquire  a  permanendi/^increased  curvature,  and  they  will  thereby  lose 
their  power  of  adapting  themselves  to  distant  objects,  which  they  will  there- 
fore see  only  indistinctly :  this  defect  in  vision  is  called  shorf-9i(/htefIn4's$. 
The  eye  is  longsighted  if  it  is  incapable  of  adapting  itself  to  view  objects 
that  are  closer  to  it  than  the  usual  distance  of  distinct  vision,  which  is  eight 
or  ten  inches. 

The  defective  vision  of  a  short-sighted  person  is,  therefore,  the  result  of 
too  powerful  a  refraction  of  the  rays  of  light  by  the  eye,  while  with  a  long- 
sighted person  the  reverse  is  the  case.  Both  defects  may  be  artificially 
remedied,  by  employing  lenses,  which,  if  convex,  will  assist  in  collecting  the 
rays,  and  if  they  are  concave  will  assist  in  their  dispersion. 

168.  Spectacles,  therefore,  aflbrd  us  means  of  properly  adjusting  the  re- 
fraction of  the  rays  of  light,  so  as  to  produce  a  well-defined  image  on  the 
retina :  a  long-8ighted*person  must  be  supplied  with  spectacles  with  convex 
lenses,  while  shortsighted  people  require  concave  spectacles. 


Fig.  118  represents  a  long-sighted,  and  fig.  119  a  short-sighted  eye,  neither 
of  which  is  capable  of  producing  a  distinct  image  of  the  object  If ;  as,  in 
the  one  case,  it  will  fall  at  the  back,  and,  in  the  other,  in  the  front  of  the 
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fetma.    If  these  eyes  are,  however,  supplied  with  the  appropriate  spectacle- 
glasses  m  and  n  (figs.  120  and  121),  the  conyex  lens  will  effect  a  greater 
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i^tne&m  of  the  rays,  and  the  concave  a  less-powerful  refraction,  so  that  in 
both  cases  the  image  of  the  object  will  fall  exactly  on  the  retina,  and  will 
eoDseqaeotlj  be  well  defined. 

It  is  evident  thai  the  concavity  or  convexity  of  the  spectacle-glasses  must 
be  regokted  according  to  the  magnitude  of  the  defect  in  the  vision. 

A  person  may  become  blind  by  an  injury  sustained  by  the  optic  nerve : 
tkis  Vmd  of  blindness  is  incurable,  and  is  called  the  incurable  cataract,  or 
amoHrotii,  Blindness  is  more  frequently  occasioned  by  common  cataract, 
io  whieh  case  the  lens  of  the  eye  becomes  dim  or  opaque.  This  disease 
Baj  be  cared  by  making,  with  a  steady  and  practised  hand,  an  incision  at 
ooe  point  in  the  membranes  of  the  eye,  by  means  of  sharp  and  pointed 
iastnimeots,  and  then  either  extracting  the  lens  through  the  pupil,  or  press- 
io|  it  down,  so  that  light  may  be  able  to  pass  into  the  chamber  of  the  eye. 
Alter  the  operation,  the  eye  is  supplied  with  spectacles  containing  very 
powerfully  refracting  double  convex  lenses,  in  order  that  the  dispersed  rays 
of  light  filing  on  the  eye  may  be  refracted  and  fall  together  on  the  retina. 

The  eyes  of  the  higher  orders  of  animals,  namely,  the  mammalia,  birds, 
unphibious  animals,  and  fishes,  correspond  with  the  human  eye  in  the  most 
ODportant  parts  of  their  structure.  Of  the  more  imperfect  animals,  some 
IM6Bes9  DO  eyes,  and  others  have  eyes  of  a  peculiar  construction  (fig.  122). 
A  great  number  of  small  hollow  cones  abed, 
stand  rectangularly  upon  the  convex  retina,  /g, 
Mlhroogh  which  the  rays  of  light,  proceeding 
^  the  various  points  of  an  object,  fall  upon 
the  retina.  These  animals  can  only  see  conti- 
gQOQg  objects,  which  appear  to  them  as  an  object 
do»  to  our  eyes  when  viewed  through  wire- work. 
^  small  cone  is  covered  at  the  upper  extremity 
^  a  transparent  membrane ;  and  an  eye  of  this 
^description  presents  to  us  the  appearance  of  a 
li^phere,  with  numerous  small  surfaces, 
UBooming  to  from  12,000  to  20,000.  All  in- 
Kcts,  fat  instance  the  common  flics,  have  eyes 
^this  description.  Many,  however,  in  addition 
Jo  these  plane-surfaced  eyes,  have^  lens-eyes,  as 
M  the  case  with  spiders. 

169.  Under  certain  circumstances.  Nature  herself  fives  rise  to  the  con- 
ditions required  to  produce  remarkable  refl€ction$  of  objects  in  the  air,  and 
to  which  phenomena  the  names  air  pictures^  fata  morgana j  and  mirage 
baTO  been  given. 
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For  the  prodaction  of  these  phenomena,  large  planes  are  necessary, 
which  extends  an  exceedingly  calm  stratum  of  air,  so  that,  after  sunriae,  the 
lower  portions  rise  only  very  gradually  as  they  hecome  warm,  and  mix  with 
the  denser  upper  portions.  If  any  lofty  ohjects  are 
situated  on  the  plane,  as  in  fig.  123,  two  images  of 
these  will  reach  the  eye  of  the  observer,  under  the 
above  circumstances }  the  one  produced  by  the  rays 
that  proceed 
directly  from 
h  to  p,  the 
other  result- 
ing from  a 
ray,  proceed- 
ing from  h 
being  refract- 
ed by  the  less 

dense  strata  of  air,  c,  c',  c",  & 
that  it  appears  to  proceed  from  the  direction  z;  thus 
a  second  but  inverted  image  of  the  object  is  seen  in 
that  direction.  A  stratum  of  air  is  situated  between 
the  two  images,  so  that  now  the  impression  produced 
is  the  same  as  if  a  row  of  objects,  as  trees,  hills, 
spires,  &c.,  were  visible  and  reflected  by  the  wate" 
of  a  lake  or  sea. 

These  phenomena  are  most  frequently  observed  in  128. 

the  deserts  of  Egypt :  travellers  are  often  most  pain- 
fully disappointed  by  the  sudden  disappearance  of  what  seemed  to  them 
refreshing  waters  in  the  midst  of  the  scorching  sand. 

Some  varieties  of  these  reflections  have  also  been  observed,  although  but 
rarely,  over  seas  and  other  places. 

Haios  round  the  moon,  as  also  mock  mns  and  moons,  may  be  seen  occa- 
sionally, when  these  bodies  are  viewed  through  very  thin  strata  of  clouds, 
which  cover  the  heavens.  These  phenomena  are  likewise  considered  as 
resulting  from  the  refraction  and  reflection  of  light. 

Colours. 

170.  A  ray  of  light,  when  directed,  by  means  of  a  mirror  m,  ^g.  124, 
into  a  darkened  room,  through  an  opening  o  in  the  window-shutter,  will  pro- 
duce on  the  opposite  wall  t 
of  the  room  a  round  white 
image  g.  If,  however,  the 
ray  be  received  upon  a  tri- 
angular piece  of  glass  a  so- 
called  prtsMy  of  which  p  is 
a  section),  on  its  immediate 
entrance  through  the  open- 
ing, it  will  not  merely  di- 
verge considerably  from  its 
224.  original  path,  but  will  like- 

wise poduoe  an  elongated 
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ttnk  of  light  npon  the  wall,  between  r  and  u,  composed  of  beantifiil 
ttkmn^  the  lower  end  at  u  being  violei^  which  is  followed  snooessiyelj  bj 
staipes  of  indigo-Uiue^  blite^  greeny  yeUaWy  orangey  and  red.  These  are  the 
EUDe  coloorsi  and  arranged  in  the  same  order,  as  those  obserred  in  the  rain- 
bow; they  are  called  prismatic  or  rainbow  colours,  or  colours  of  the  solar 
ipectram. 

The  white  solar  light  is,  therefore,  not  onlj  refracted  by  the  prism,  but 
ibo  decomposed  or  dissected  into  seven  luminous  rays  of  different  colours. 
The  white  raya  are,  therefore,  called  compound  or  mixed  light,  because  they 
ue  composed  of  the  $even  simple  rays.     The  possibility  of  decomposing    "' 
Hght  is  based  upon  the  circumstance,  that  its  compouent  parts  possess  various 
degrees  of  refrangihiliiy.     If  the  solar  spectrum  be  examined,  it  will  be 
seen  that  the  red  light  is  situated  nearer  than  the  violet  light  to  the  position 
vhich  the  non-refiracted  spot  of  white  light  would  occupy ;  the  former  pos- 
sesses, therefore,  the  least,  and  the  latter  the  greatest  refrangibility.     The 
difference  in  re&an^bility  arises  from  the  unequal  length  of  the  waves  of 
Hght  composing  the  simple  rays,  it  being  analogous  to  the  difference  in  sound, 
caused  by  the  unequal  length  of  the  sound-waves. 

If  the  seven  coloured  rays  proceeding  from  the  prism  be  collected  by 
means  of  a  convex  lens,  they  will  be  reunited  at  \Xs  focul-point  to  white  light. 
Thb  phenomenon  may  be  observed  by  simply  pasting  in  a  circle  upon  the 
oj^r  part  of  a  peg-top,  pieces  of  paper  of  equal  size  and  various  colours, 
lesembling  as  much  as  possible  the  prismatic  colours,  and  then  spinning  it ; 
the  impression  made  upon  the  eye  by  the  various  colours  will  become  mixed, 
and  the  variegated  upper  surface  of  the  top  will  appear  white. 

Those  bodies,  therefore,  that  ve/hmi  all  the  rays  of  light  in  their  original  '^v 
mixture,  are  tchiUy  while  those  that  absorb  the  rays  are  black.     There  is,     / 
however,  scarcely  a  body  existing  that  possesses  one  or  other  of  these  pro- 
perties in  its  fall  extent :  hence  result  the  various  shades  from  white,  through 
graj,  to  black. 

There  exist  likewise  bodies,  the  particles  of  which  are  so  arranged  that 
they  only  check  the  vibrations  of  certain  waves  of  light,  while  they  vafitast  ^^ ' 
the  remaining  waves  unaltered.     Thus,  a  red  body  absorbs  all  the  coloured      / 
xajB  of  the  white  light  that  fall  upon  it,  with  the  exception  of  the  red  rays, 
which  it  reflects.     All  other  colours  of  substances,  such  as  blue,  green,  yel- 
low, kcy  are  accounted  for  in  the  same  manner. 

17 L  Many  substances  only  appear  coloured  when  they  are  seen  in  large 

maaaes;  glass  or  ice,  for  instance,  appear  colourless  when  in  thin  layers, 

while  they  have  a  green  or  blue  appearance  when  viewed  in  larger  masses. 

Even  the  air,  when  viewed  in  a  mass  of  the  height  of  the  atmosphere,  has 

a  beantifol  blue  colour :  assuming  the  absence  of  the  atmosphere,  the  space 

<£.  the  heavens  would  appear  black.     Indeed,  the  air,  when  viewed  from 

many  high  mountains,  appears  dark-blue,  because  the  black  of  the  universal 

space  above  penetrates  through  the  less  dense  and  high  stratum  of  air.     On 

leTel  ground  even,  the  air  appears  to  us  darker  over  our  heads  than  at  the 

Wizon,  as,  in  observing  the  latter,  we  have  to  look  through  a  mass  of  air 

of  &r  greater  extent  than  that  situated  over  our  heads.     The  blue  appear- 

tsce  of  distant  hills  is  imparted  to  them  by  the  large  mass  of  air,  situated 

between  them  and  our  eyes. 

The  red  and  yeUow  colour  of  the  heavens,  known  by  the  name  of  evening 
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and  morning  redj  is  ascribed  to  the  property  possessed  by  the  aqneous  vapour 
in  the  air,  particularly  when  it  passes  oyer  from  the  state  of  fog  into  real 
vapour,  of  allowing  the  passage  ii  red  and  yellow  light  only.  This  prodoo- 
tion  of  vapour  generally  takes  place  in  the  morning  or  evening. 


\ 


The  Rainbow. 

172.  This  phenomenon  of  Nature  is  so  remarkable  for  the  splendour  of 
its  colours,  that  it  requires  our  particular  notice.  Though  rain  and  sunshine 
arc  pretty  generally  known  to  be  the  necessary  conditions  for  the  production 
of  the  rainbow,  the  precise  explanation  of  its  formation  cannot  be  given  in 
a  few  words ;  we  shall,  therefore,  confine  ourselves  here  to  an  endeavour  to 
lead  to  the  proper  comprehension  of  its  nature. 

A  comparison  of  the  rainbow  colours  with  those  of  the  solar  spectrum 
produced  by  the  prism  (§  170),  which  will  be  found  to  correspond  with  them 
in  shade  and  arrangement,  must  lead  to  the  conclusion  that  the  formation  of 
the  rainbow  is  owing  to  the  refraction  and  decomposition  of  light. 

Drops  of  dew  or  rain,  suspended  to  grass  or  bushes,  may  be  frequently 
found  to  appear  to  the  eye  of  a  bright-red  colour :  by  slightly  shifting  the 
position  of  the  eye,  the  colour  of  the  drop  may  be  made  to  appear  success- 
ively yellow,  green,  blue,  and  violet,  and  also  colourless.  This  proves  that 
the  rays  of  light,  falling  in  a  certain  direction  upon  the  drop  of  water,  are 
refracted  thereby  and  decomposed  into  the  coloured  rays  which  become  visible 
to  the  eye  when  it  is  situated  in  the  direction  of  the  emerging  rays.  We 
may,  therefore,  imagine  the  seven  prismatic  colours  to  reach  our  eyes  simul- 
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taneously  from  seven  different  drops,  provided  the  proper  relative  position 
between  the  latter  and  the  former  exists;  This  is  frequently  the  case  when 
the  sun  shines  upon  a  quantity  of  drops  falling  from  waterfalls,  fountains, 
paddle-wheels,  &c. 
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The  ninbow  is  always  observed  to  be  situated  in  the  west  in  the  morning 
ind  in  the  east  in  the  afitemoon,  so  that  in  looking  at  it  we  must  always 
stand  with  our  backs  to  the  sun,  and  have  the  dond  of  rain  before  us.  It 
is,  howeTer,  necessary,  for  the  production  of  a  rainbow,  that  the  height  of 
the  son  above  the  horixon  should  not  exceed  42  degrees.  Hence  we  gene- 
rdly  observe  this  phenomenon  in  the  morning  or  towards  evening ;  and  it  is 
only  in  the  winter,  when  the  sun  stands  very  low,  that  the  rainbow  is  some- 
tisBCs  seen  ai  boors  approaching  noon.  The  form  of  the  latter  is  in  reality 
that  of  an  enormous  circle,  of  which  the  half  that  is  situated  below  the 
boiion  is  invisible  to  ns.  Circular  rainbows  are  visible,  however,  under 
certain  circumstances,  particularly  from  the  masts  of  vessels.  As  rays  of 
hgfat  reach  the  eye  from  all  parts  of  a  rainbow,  the  former  may  be  considered 
18  the  point  of  a  cone,  the  base  of  which  is  the  rainbow  itself,  and  whose 
axis  is  represented  by  a  straight  line,  passing  from  the  centre  of  the  bow  ' 

tiiTOQgh  Uiat  of  the  eye,  Ml,  if  prolonged,  would  touch  the  centre  of  the  /t  A^ 
san. 

We  moally  observe  a  second  rainbow  close  to  the  first,  the  colours  of 
which  are,  however,  much  paler.  This  phenomenon  is  the  result  of  a  second 
refncdoD  of  the  once-refracted  rays  by  other  drops  of  water,  whereby  the 
light  heeomes  much  fainter.  It  must  also  be  observed  that  in  the  second 
niabow,  the  order  of  colonrs  is  reversed,  the  red  forming  the  outer  largest 
circle,  and  violet  the  inner  circle. 


ni.  PHENOMENA  OP  CURRENTS. 
Electricity — Magnetism. 

173.  If  it  vrere  in  our  power  to  collect  in  this  work  all  the  observations 
Btde,  and  &ct8  discovered,  in  the  departments  of  electricity  and  magnetism, 
we  should  be  filled  with  surprise  and  wonder  at  the  industry  and  penctra- 
tioQ  displayed  by  natural  philosophers.  The  description  of  all  that  has  been 
done  in  this  branch  of  Physics,  since  the  middle  of  last  century,  would  fur- 
Bisb  volumes  sufficient  to  fill  a  whole  library. 

Bat,  notwithstanding  the  multiplicity  of  electrical  and  magnetical  pheno- 
neoa,  it  is  a  matter  of  great  difficulty  to  trace*  their  ultimate  cause ;  it  is, 
iadeed,  scarcely  possible  for  us  to  form  even  a  general  conception  thereof 
from  mdividnal  effects,  as  we  are  able  to  do  with  heat,  sound,  and  light. 

The  ether  by  which  all  matter  is  penetrated  appears  capable  of  being  set 
into  peculiar  motion,  which  we  term  the  motion  of  current,  poiisessing  a 
eharacteiistic  tendency  to  return  upon  iteelf,  in  a  manner  analogous  to  cir- 
cokr  motion.  These  currents  may  be  considered  as  moving  either  in  aggre- 
^ons  or  in  surfeces,  giving  rise  to  various  phenomena,  which  become  per- 
ceptible to  us  as  electricity  and  magnetism.  Some  particular  phenomena 
tte  the  results  of  the  mutual  approach  of  two  currents  of  this  description 
from  various  directions.  Thus,  parallel  currents  attract  each  other,  while 
those  meeting  from  opposite  directions  repel  each  other. 

The  relations  of  bodies  themselves  to  this  kind  of  motion  of  ether  may 
Tiry  just  as  much  as  they  do  with  the  undulatory  motion.  Manifold  effects 
ue  thus  produced^  of  v^hich  we  shall  here  mention  only  the  most  important. 
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The  terms  employed  in  the  desoription  thereof  do  not,  however,  bear  any 
reference  to  the  above  mode  of  viewing  them,  it  not  being  sufficiently  w^ 
grounded  to  be  applied  in  the  consideration  of  all  electric  and  mi^etio 
phenomena. 

I.  Electricity. 

174.  Electrical  phenomena  are  produced,  1,  hy  friction  between  different 
bodies ;  2,  by  placing  in  contact  bodies  differing  from  each  other,  either  in 
their  structure,  temperature,  or  chemical  character ;  3,  by  the  transition  of 
bodies  from  one  condition  to  another;  4,  by  the  chemical  metamorphosis  of 
bodies ;  5,  by  various  animals,  either  voluntarily  or  involuntarily. 

The  most  important  electrical  phenomena  arise  from  the  first,  second,  and 
fourth  causes. 

175.  (1.)  Frictional  Electricity.  —  A  piece  of  sealmg-wax,  resin,  or  sul- 
phur, when  rubbed  with  wool,  acquires  the  property  of  attracting  light 
bodies,  such  as  scraps  of  paper,  hairs,  &c.,  from  a  little  distance.  This  is 
the  most  ancient  electrical  phenomenon,  it  having  been  known  to  the  Greeks, 
who  perceived  it  on  rubbing  amber,  which  they  called  dectron,  and  firom 
which  the  name  electricity  has,  therefore,  been  derived.  A  glass  tube,  when 
rubbed  forcibly  with  a  silk  handkerchief,  acquires  the  same  property.  These 
substances  are  said  to  become  electrical  by  friction,  and  the  cause  of  their 
attractive  power  is  the  dectridty  imparted  to  them. 

A  great  number  of  bodies  do  not  possess  the  above  property :  they  have, 
therefore,  been  termed  non-electricy  in  opposition  to  dectricy  bodies.  The 
former  class  of  bodies  may  be  represented  by  the  metals,  and  the  latter  by 
the  above-named  substances.  Accurate  observation  has,  however,  shown  that 
there  exists,  strictly  speaking,  no  perfectly  non-electric  substance,  all  bodies 
being  liable  to  conversion  into  an  electric  state,  although  this  property  is 
possessed  by  some  only  to  a  very  slight  extent. 

If  glass  or  resin  be  forcibly  rubbed  in  the  dark,  their  surfaces  will  present 
a  luminous  appearance :  on  approaching  the  knuckle  of  a  finger  or  any  me- 
tallic object  to  them,  when  in  this  state,  a  brilliant  spark  wiU  pass  over  to 
the  former,  accompanied  by  a  crackling  noise,  and  produce  a  slight  pricking 
sensation  at  the  point  where  it  enters  the  finger.  This  phenomenon  is  called 
the  electric  spark. 

Electricity  exists  always  only  on  the  surface  of  the  electrified  body,  and 
is  only  abstracted  from  those  points  of  glass  or  resin  that  are  actually  touched. 
If  the  rubbed  glass  or  resin  be  approached  by  a  metallic  object,  Uie  electri- 
city passes  over  to  the  latter,  which  is  then  possessed  of  all  the  electrical 
properties ;  it  attracts  light  bodies  and  emits  sparks.  It  is,  however,  remark- 
able that  metals  lose  their  electricity  immediately  and  entirely,  when  they 
are  touched  only  at  one  single  point.  Such  bodies  as  abstract  the  electricity 
from  electrified  resin  or  glass,  thereby  becoming  electric  themselves,  are  called 
coiiductorsy  and  other  bodies  that  do  not  possess  these  properties  are  termed 
non-conductors, 

Metals  are  the  best  conductors  of  electricity.  Liquids,  aqueous  vapour^ 
the  bodies  of  men  and  animals,  and  fresh  plants,  are  likewise  very  good  con- 
ductors. Glass,  resin,  wool,  silk,  and  dry  air  do  not  conduct  electricity  at 
all,  or  at  least  only  to  a  very  slight  extent.  If  an  object  of  glass  be  brought 
near  to  electrified  resin,  gIasS|  or  metal,  it  does  not  remove  a  trace  of  electri- 
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a*j.  Henoe  the  latter  may  be  retained  in  any  sabetanoe  bj  snrrounding  it 
with  good  non-^ndoctors.  Thus,  for  instance,  any  metallic  body,  placed 
vpeii  a  disc  of  resin  or  plate  of  glass  in  dry  air,  and  then  electrified,  will 
only  part  with  its  electricity  on  the  approach  of  a  condactor.  When  bodies 
ire  snrroonded  on  all  sides  by  non-conductors,  they  are  said  to  be  insulated; 
lod  the  ktter  are,  therefore,  also  called  insulators. 

If  a  small  ball  of  cork  be  suspended  to  a  silken  thread  (fig.  126),  and  a 

piece  of  rubbed  sealing-wax  be  brought  towards  it,  the  ball  will  be  attracted 

until  it  touches  the  wax ;  the  moment,  however,  that 

this  is  the  case,  the  cork  will  be  forcibly  repelled.    It 


j  ^  has  now  taken  up  a  portion  of  electricity  from  the  wax. 

On  again  approaching  fineshly-rubbed  sealing-wax  to 
the  ball,  it  will  no  longer  be  attracted ;  on  the  con- 
^  I       I        trary,  it  will  fly  from  the  wax  in  an  opposite  direction : 
\t        \       hence  it  appears  that  the  two  bodies  charged  with 

j  W  ^     o      electricity  derived  from  the  sealing-wax  mutually  repel 

j  %  each  other.     K  a  glass  tube  be  now  rubbed  with  a 

jl  ^  piece  of  silk,  and  held  to  the  cork,  it  will  be  observed 

^"  that  the  latter  will  move  towards  the  glaai  even  from 

126.  a  considerable  distance,  being  attracted  hj  the  electri- 

city of  the  glass. 

If  a  ball  of  ibis  description  is  charged  with  electricity  from  resin,  and 
tnother  with  electricity  from  glass,  and  these  be^  then  approached  until  they 
attract  or  touch  each  other,  they  will  be  found^after  having  been  in  contact, 
DeithCT  of  them  to  possess  any  electrical  properties  whatever. 

The  following  facts  are  deduced  from  the  above  simple  experiments : — 

(1.)  There  are  two  kindd  of  electricity ;  first,  that  obtained  by  the  friction      ^ 
of  glass,  which  is  termed  ^x>«iViVc  or  vitreous  electricity,  as  also  -f  electricity; 
Keoodly,  that  procured  by  the  friction  of  resin,  to  which  the  name  negative 
or  roioous  electricity  has  bl^en  given,  and  which  is  also  designated  as  —   ^ 
rfectridty. 

(i)  Bodies,  charged  with  the  same  kind  of  electricity,  repel  each  other, 
w&ik  those  containing  opposite  electricities  attract  each  other. 

(3.)  The  opposite  electricities  always  endeavour  to  unite.  When  once 
Ais  is  effected,  neutral  electricity  ensues,  t.  c,  the  two  electricities  mutually 
Beotraliie  each  other's  properties,  and  electricity  is  no  longer  perceptible. 

(4.)  All  bodies  contain  both  electricities  in  the  combined  state ;  these  may 
!« separated  from  each  other  by  various  means,  for  instance,  by  friction.  If, 
rfwi,  the  rubbed  body  becomes  positively  electrified,  the  substance  with  which 
fifiction  is  applied  b^x>n3es  negatively  electric. 

176.  EUxtricUy  hy  Induction, -^  The  horizontal  metal  rod  cc'  (fig.  127) 
is  insulated  by  being  fixed  upon  a  glass  stand.     A  couple  of  cork  balls  are 
Cached  to  each  end  by  means  of  slender  metallic  wires.     A  rod  of  resin  r, 
ftndered  n^atiTelj  electrical  by  friction,  is  then  brought  near  to  one  pair 
rf  the  balls.     It  may  be  easily  conceived  that  the  negative  electricity  of  the 
wan  will  attract  the  positive  electricity  of  the  metal  and  repel  its  negative 
dcctricity;  the  <»mbined  electricities  in  the  latter  are  thus  separated,  the 
+  dcctndty  being  situated  at  c',  and  the  —  electricity  at  c.     This  is  ren- 
a«d  perteptible  by  the  behaviour  of  the  balls.     The  two  balls  situated  at 
<^i  both  oontamin^  +  electricity,  repel  each  other;  as  is  likewise  the  case 


124  PHYSICS. 

with  the  other  two  balk  at  c,  which  have  become  negatively  electrified.  On 
removing  the  rod  of  resin  r,  the  separating  cause  is  done  away  with,  and  the 
separated  electricities  in  the  metal  will  immediately  reunite,  which  is  proved 
by  the  balls  &lling  together  again. 


if"  th»  ttetil  is  touched  with  the  finger  at  c,  while  the  stick  of  resin  r  is 
still  held  near  <f,  the  —  electricity  contained  in  the  former  extremity  will  be 
conducted  oflf  by  the  finger,  while  the  -f  electricity  collected  at  the  other 
end  will  remain  combined  with  the  —  electricity  of  the  resin.  On  removing 
the  finger  first,  and  afterwards  the  resin,  the  whole  rod  will  be  charged  with 
+  electricity,  as  will  be  indicated  by  the  mutual  repulsion  of  the  1:^118. 

If  we  had  employed  rubbed  glass  instead  of  resin  exactly  the  same  phe- 
nomena would  have  taken  place,  except  that  in  the  above  description  all  the 
electricity  marked  +  and  —  should  be  changed,  the  +  made  —  and  the  — 
made  +. 

This  induction  of  electricity,  therefore,  affords  us  a  means  of  charging  any 
isolated  body  with  +  or  —  electricity  at  pleasure. 

177.  The  electrophorus  ^fig.  128)  is  a  very  simple  instrument,  capable  of 
affording  an  abundant  supply  of  electricity  by  means  of  induction.  A  mix- 
ture of  two  parts  of  shellac  and  one  of  turpentine  is  poured  into  a  plate  of 
metal,  of  about  one  foot  in  diameter  and  one  finger-breadth  in  height,  so  that 
the  mass  yields,  on  cooling,  a  cake  possessing  as 
even  a  surface  as  possible.  This  is  made  electric 
by  rubbing  it  with  a  cat's  skin ;  a  metal  cover, 
furnished  in  the  centre  with  a  glass  handle  is 
then  placed  upon  it.  We  will  now  proceed  to 
examine  the  action  of  the  electrophorus.  It  b 
assumed  that  the  electricity  of  the  cake  has  been 
separated  by  friction,  so  that  —  electricity  is 


228.  •  collected  on  its  upper  surface,  while  the  +  elec- 

tricity is  collected  on  the  lower  one.    In  placing 
the  metal  plate  upon  the  cake  an  induction  of  electricity  likewise  takes  plaoe^ 
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nnce  its  +*  electricity  is  neutralized  by  the  —  electricity  of  the  cake.  On 
now  tooohing  the  cover  whilst  in  this  position  with  the  finger,  its  free  — 
electricity  is  condnoted  away  by  the  body.  If  the  finger  be  removed,  and 
the  cover  then  lifted  by  its  insalated  handle^  it  will  be  found  charged  with 
free  4-  electricity,  which  may  be  then  employed  for  any  experiments,  in 
which  glass  or  resin  was  previously  made  use  of  If  this  apparatus  be 
properly  constructed,  a  very  bright  spark  may  be  extracted  from  the  charged 
cover  on  approaching  the  knuckle  of  a  finger. 

When  its  electricity  has  been  thus  abstracted,  it  may  again  be  charged  as 
above  described.     It  is  remarkable  that  a  spark  may  even  be  obtained  from- 
the  plate,  on  lifting  it  up  after  the  lapse  of  weeks  or  even  months,^-*-  -■"--^•Z 

178.  The  Leydenjar  (fig.  129)  is  a  common  glass  jar,  coated  internally 
and  externally  with  tinfoil  to  the  height  a  a'.  The  open- 
ing is  cloeed  by  means  of  a  bung  or  piece  of  wood  g  ^, 
through  which  passes  a  rod  t,  furnished  with  a  brass  ball 
at  the  upper  end  terminating  at  the  lower  extremity  in 
a  chain,  which  should  touch  the  jar.  On  bringing  the 
interior  metallic  coating  by  means  of  the  ball  in  contact 
with  any  source  of  electricity  (for  example,  the  cover  of 
the  electrophorus)  it  will  receive  a  charge  of  +  electri- 
city. The  latter  exerts  through  the  glass  a  dispersing 
action  upon  the  electricity  contained  on  the  exterior 
coating,  by  comhining  with  the  —  electricity,  and  re-^ 
peUintj  the  +  electricity,  which  is  conducted  by  the 
object  on  which  the  jar  stands  towards  the  earth,  over  the 
surfiice  of  which  it  distributes  itself,  and  thus  disappears. 

The  inner  and  outer  coating  of  the  jar  are,  therefore,  charged  with  oppo- 
site electricities,  which  are  prevented  from  combining  by  the  glasd  situated 
between  them.  These  will  unite,  hc^vrever,  at  the  moment  that  the  two 
coatings  are  connected  by  a  conducting  body.  If  this  connection  be  effected 
by  touching  the  ball  with  one  hand  and  the  exterior  coating  with  the  other, 
the  electricities  will  pass  through  the  body,  and  a  peculiar  concussion,  which 
is  termed  the  electric  shocky  will  be  felt,  particularly  in  the  joints.  Its  in- 
tensity depends  upon  the  charge  of  electricity  in  the  jar;  forty  to  fifty  sparks, 
allowed  to  pass  from  the  cover  of  the  electrophorus  into  the  jar,  yield  a  suf- 
ficient charge  to  produce  a  very  sensible  shock.  If  several  persons  form  a 
chain  by  joining  hands,  and  the  first  one  touches  the  knob,  while  the  person 
at  the  other  extremity  touches  the  exterior  of  the  charged  Leyden  jar,  a 
shock  of  equal  force  will  be  simultaneously  felt  by  every  person,  however 
large  the  number  of  persons  who  form  the  cirde. 

The  electricity  may  also  be  discharged  from  the  jar  without  the  produc- 
tioQ  of  a  shock,  by  employing  a  discharge 
uig  rod  (fig.  130),  constructed  of  brass, 
and  provided  with  a  glass  handle.  By 
lajring  hold  of  the  latter,  and  touching 
the  ball  of  the  jar  with  one  ball  of  the 
discharger,  and  the  exterior  coating  with 
the  other  ball,  the  electricities  will  be 
united  with  the  production  of  a  very 
brilliant  spark. 

179.  A  combination  of  several  jars  is 


126 


PHYSICS. 


called  an  electric  battery  (fig.  131)  :  this  is  capable  of  produciDg  tremeDdous 

shocks  according  to  the' intensity  of  its  charge. 
The  sparks  may  be  made  to  pass  over  at  the  dis- 
tance of  several  inches,  and  are  accompanied  by 
a  sharp  report.    Animals  may  be  killed  by  such 
discharges.     If  the  charge  be  allowed  to  pass 
through  a  long  wire,  interrupted  at  any  point, 
a  spark  will  pass  over  the  space,  provided  it 
be  not  too  great.     The  same  phenomenon  is 
observed  if  a  wire  be  arranged  with  several 
small  spaces,  and  very  pretty  and  striking  phe- 
nomena of  light  may  be  thus  produced::. 
180.  Electrifying  machines  ('figs.  132  and  133)  are  employed  for  the  pro- 
duction of  powerful  electric  pncnomena.     The  one  in  most  general  use, 
called  the  plate  machine  (i&g.  132),  consists  of  a  glass  plate,  or  disc,  |  to  ^ 
inch  in  thicknesS;  and  2  to  4  feet  in  diameter.    It  is  moyeable  round  its 


131. 


182. 

axis,  and,  when  turned  round,  rubs  against  four  cushions,  which  are  covered 
with  an  amalgam  of  tin  and  mercury,  or,  still  better,  with  a  coating  of  bisul- 
phuret  of  tin.  The  -|-  electricity,  thus  liberated,  is  collected  by  the  con- 
ductor, which  consists  of  a  hollow  polished  cylinder  of  brass  plate  which  is 
insulated  by  means  of  a  stout  rod  of  glass. 

Fig.  133  represents  a  cylinder  machine. 

Such  machines  are  employed  specially  for  charging  batteries,  and  also  for 
performing  a  large  number  of  experiments,  which  are  partly  of  scientific 
interest,  and  partly  of  a  popular  and  entertaining  character. 

181.  As  a  general  rule,  it  is  highly  essential  that  the  atmosphere  should 
be  warm  and  dry,  when  electrical  experiments  are  made^  as  the  conducting 
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property  of  moist  air  prevents  the  collection  of  a  sufficient  amonnt  of  elec- 
tricitj  for  the  production  of  striking  effects.  In  the  winter,  the  experiments 
succeed  best  when  performed  near  a  fire ;  and  it  is  advisable  to  place  the 
apparatus  in  front  of  the  fire  for  some  time  before  it  is  employed. 


138. 


182.  The  most  striking  and  stupendous  electrical  phenomena  are  produced 
bj  Nature  herself.  Thus,  the  dazzling  forks  of  lightniug  that  break  forth, 
flash  after  flash,  from  the  clouds,  followed  by  tremendous  peals  of  thunder 
re-echoing  throngh  the  skies,  are  nothing  more  than  immense  electric  sparks, 
ofteo  miles  in  length.  These  discharges  pass  from  one  cloud  to  another, 
or  to  the  earth,  and  are  accompanied  by  a  report  corresponding  to  the  crack- 
ling noise  which  each  small  spark  makes  as  it  passes  from  the  electrophorus. 

Although  we  are  unable  to  form  any  accurate  conception  of  the  manner 
m  which  free  electricity  is  collected  in  the  difierent  clouds,  its  existence 
therein  was  clfearly  proved  by  Franklin,  in  the  year  1752,  by  means  of  a  kite 
raised  in  the  air.  during  a  storm ;  the  string,  to  which  it  was  attached,  being 
possessed  of  sufficient  conducting  power  to  exhibit  electrical  phenomena. 
These  would  naturally  be  rendered  more  evident,  by  enclosing  a  wire  in  the 
efring.  It  has  since  been  proved  that  the  atmosphere  is  frequently  in  an 
electrical  state  without  any  thunder-storms  being  observed ;  and  from  this 
we  may  with  certainty  assume,  that  electrical  currents  are  universally  distri- 
buted, and  produce  many  effects  that  still  appear  to  us  as  enigmatical. 

A  eloud,  for  instance,  charged  with  free  electricity,  on  approaching  the 
sariiace  of  the  earth,  acts  by  induction  on  the  electricity  of  the  latter ;  and 
the  negative  electricity  will  pass  from  the  earth  to  the  cloud  until  the  two 
electricities  havo  neutralized  each  other.  In  this  manner  most  electrical 
doods  pass  over  the  earthy  without  being  accompanied  by  any  striking  phe- 
nomena. 

If  the  electric  cloud  is  very  close  to  the  earth,  and  there  are  lofty  objects 
on  the  surfiuse  of  the  latter^  such  as  trees^  steeples;  mountain  summits;  &c., 
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from  which  a  strong  discharge  of  electricity  takes  place,  the  oomhination  of 
the  two  electricities  at  those  points  is  accompanied  by  a  powerful  flash ;  and 
hence  we  say  that  objects  are  struck  by  lightning. 

183.  Thunder-storms  are  rendered  far  less  dangerous  by  Uie  use  of  Iv/ht- 
ning-conductors,  which  continually  conduct  the  opposite  electricity  from  the 
earth  to  the  electric  cloud,  thereby  neutralizing  or  diminishing  the  eleetricitj 
of  the  cloud  to  a  considerable  extent.  Should,  however,  a  flash  be  emitted 
from  the  cloud  even  under  these  circumstances,  it  will  pass  over  in  prefer- 
ence to  the  elevated  iron  rod  or  wire  of  which  ^e  conductor  is  made ;  and 
as  the  latter  is  always  constructed  outside  a  building,  and  passes  into  the 
ground,  the  electric  current  will  follow  this  good  conductor,  without  touch- 
ing the  building.  A  good  lightning-conductor  may  be  considered  as  capable 
of  protecting  a  space  around  it  of  about  40  feet  in  diameter. 

As  sound  travels  so  much  more  slowly  than  light,  the  thunder  is  always 
heard  after  the  lightning  has  been  seen.  It  is  only  when  a  storm  is  just 
over  our  heads,  and  particularly  when  any  object  close  to  na  is  struck  bj 
lightning,  that  the  thunder  is  heard  simultaneously.  The  greater  the  in- 
terval between  lightning  and  thunder,  the  greater  is  the  distance  of  the  stcmn. 
When  the  latter  is  very  far  off,  no  thunder  is  heard;  we  only  see  the  ligbt- 
ning,  which  we  then  term  sheet  lightning. 

The  effects  of  lightning  are  always  exceedingly  powerful,  and  sometimes 
terrific.  It  annihilates  all  objects  that  lie  in  its  path  3  fuses  metals,  ignites 
combustible  substances,  and  destroys  men  and  animals.  But  in  the  bodies 
of  persons  destroyed  by  lightning  no  external  injury  is  in  general  perceptible. 
The  electric  discharge  is  always  accompanied  by  a  peculiar,  suffocating,  sul- 
phurous smell,  which  is  sometimes  noticed  in  a  slight  degree  to  emanate  from 
powerful  electrifying  machines. 

As  electricity  collects  most  readily  in  pointed  objects,  it  is  always  advisable 
to  avoid  trees,  steeples,  hiffh  chimneys,  &c.,  during  storms.  Single  trees  or 
clusters  of  trees  on  open  nelds  are  particularly  dangerous :  and  unfortunate 
beings  are  constantly  falling  a  sacrifice  to  lightning  on  such  spots,  to  which 
they  have  fled  for  shelter  from  the  storm  and  rain. 

2.  Electricity  by  Contact. 

184.  It  has  already  been  mentioned  that  substances,  differing  from  each 
other  either  chemically  or  in  their  temperature  or  structure,  produce  electri- 
city when  brought  into  contact.  This  property  is  exhibited  especially  by 
metals.  We  shall  choose  copper  and  zinc  from  among  these  for  our  consi- 
deration, partly  because  they  are  powerful  exciters  of  electricity,  and  partly 
because  they  are  the  two  metals  most  generally  employed  for  this  purpose. 

185.  Elementart/  experiment. — K  two  extremely  smooth  and  well-polisked 
discs,  one  of  copper  and  the  other  of  zinc,  each  provided  with  an  insulated 
handle,  be  placed  upon  each  other,  so  that  the  polished  surfaces  are  in  ooq. 
tact,  and  again  separated,  the  zinc  will  be  charged  with  +  eleotricityy  and 
the  copper  with  —  electricity.  The  charges  are,  however,  very  slight^  and 
can  only  be  indicated  by  the  most  delicate  electrometers,  of  pecuUar  con- 
struction.    The  plates  themselves  undergo  at  least  no  perceptible  change. 

The  following  is  an  experiment  of  a  similar  nature :  two  sheets  of  gold- 
paper  are  pasted  together  back  to  back^  and  in  a  similar  manner  two  of  suver- 
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ptper.  They  tre  then  cat  iDto  discs  of  about  the  sise  of  half  a  crown,  which 
are  piled  upon  each  other  in  such  a  manner  that  gold  and  silver  paper  follow 
alteroatelj :  the  column  thus  obtained  is  slightly  compressed  and  introduced 
bto  a  glass-tube,  the  ends  of  which  are  then  closed  with  corks,  through 
which  are  pressed  pieces  of  wires.  Piles  of  from  500  to  2000  pairs  may  be 
thus  constructed,  the  wires  of  which  will  be  found,  on  examination,  to  be 
diarged  with  opposite  electricities.  This  apparatus  is  called  the  diy  pile,  or 
Zamboni's  pile,  and,  under  fiivourable  circumstances,  retains  its  power  for 
years. 

These  two  ezperimoits  afibrd  almost  the  only  instances  in  which  electricity 
is  produced  by  simple  contact  In  most  other  cases,  chemical  decomposition 
acts  simultaneously  with  contact  in  the  production  of  electricity. 

186.  Fig.  134  represents  the  voltaic  or  galvanic  pile,  called  after  Galvani, 
its  discoverer,  and  Yolta,  the  Iswder  of  the  phenomena  produced  by  con* 
tact  It  is  sometimes  placed  in  a  stand,  the  upper  and  lower  parts  of  which 
are  made  of  wood,  and  connected  with  each  other  by  three 
glass  rods.  A  disc  of  copper  is  placed  at  the  bottom  of 
the  pile,  and  next  to  it  one  of  linc ;  these  two  discs  beins 
genially  soldered  together,  by  which  the  construction  of 
the  pile  is  much  simplified.  Upon  the  zinc  disc  is  placed 
one  of  pasteboard,  woollen  doth,  or  felt,  previously  soaked 
ia  water,  and  then  pressed.  More  discs,  of  the  different 
Bubstances,  are  then  placed  upon  these  exactly  in  the  same 
order;,  and  thus  a  pile  of  from  20  to  40  pairs  may  be  con- 
structed, terminating  at  the  top  in  a  plate  of  zinc. 

The  zinc  end  of  the  pile  is  called  the  potiiive  pole^  and 
the  copper  end  the  negative  pole,  as  the  respective  opposite 
electricities,  produced  by  the  contact  of  the  pairs  of  plates, 
are  found  collected  at  the  extremities.  On  soldering  wires  to  the  terminating 
plates,  as  in  fig.  134,  they  will  form  the  two  poles  of  the  pile. 

When  these  two  wires  are  in  contact,  the  circuit  is  said  to  be  closed.  No 
ngn  of  electri<^  excitement  is  then  visible ;  the  action,  nevertheless,  con- 
tinues in  the  interior  of  the  pile.  The  opposite  electricities  collected  at 
the  poles,  in  particular,  neutralize  each  other  perfectly  on  meeting ;  every 
trace  of  electricity  must  therefore  vanish,  as  when  a  Leyden  jar  is  discharged, 
if  a  fresh  quantity  were  not  continually  produced  by  every  pair  of  plates : 
when  the  circuit  is  closed,  two  electrical  currents  are  continually  passing 
through  the  pile  in  opposite  directions,  and  partially  combine  at  every  point 
of  the  clonng  wire.  If,  therefore,  the  latter  be  disconnected  at  any  point, 
as  seen  in  fig.  184,  a  continuous  spark  will  pass  from  one  wire  to  the  other. 
The  same  takes  place  if  the  wires  are  severed  at  several  points.  It  is  of 
course  requisite  that  the  space  between  the  wires  should  be  of  inconsiderable 
sxe. 

187.  The  actions  of  the  current,  circulating  in  the  pile,  merit  our  special 
ittention.  Their  results  may  be  classed  under  three  heads ;  1.  Phenomena 
of  heat  and  light;  2.  The  excitation  of  nerves  and  muscles;  3.  Chemical 


If  a  piece  of  fine  wire  of  any  metal  be  fixed  from  one  conducting  wire  to 
>i)e  other,  so  that  the  electric  current  must  necessarily  pass  through  the  wire, 
'\t  will  beoome  hot,  red-hot,  and  even  heated  to  whiteness.    Iron-wire  bums 
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under  iheae  circumstanoesy  while  wires  of  platinuniy  the  most  diffiealtl]^- 
fusible  metal,  will  melt  into  small  globules.  The  intensity  of  the  phenomena 
depends  upon  the  power  of  the  pile.  In  some  instances  a  platinum  wire, 
20  inches  in  length,  has  been  kept  at  a  red-heat  by  the  electrical  current. 
On  fixing  a  point  of  carbon  to  each  wire,  and  approaching  them  until  they 
nearly  touch,  the  passage  of  the  electricity  from  one  pole  to  another  is  ac- 
companied by  the  .jp^lSjIuiption  of  a  dazding  white  light,  riyalling  the  light 
of  the  sun. ^^'_  ^«.      Oi^yCj^    yCt-^^'l-i-r-^^-^^^-i^'    * 

188.  Assuming  the  circuit  of  the  pile  to  be  closed,  on  taking  a  wire  in 
each  hand  and  breaking  contact,  a  peculiar  concussion  will  be  felt  in  the 
joints  of  the  arm  and  hand,  aooompaoied  by  a  slight  contortion  of  the  mus- 
cles,   increasiBg 

MU'  ;<     «'".^ A       *^  *  very  violent 

shock,  which  is 
repeated  every 
time  fresh  con- 
tact is  made. 
The  ooncn8»on 
of  the  nerves 
of  the  body  is, 
therefore,  pro- 
duced by  the  en- 
trance and  exit 
of  the  currents 
of  eleotrioity ; 
for  they  evident- 
ly must  pass  through  the  body 
the  moment  it  forms  the  con- 
necting link  between  the  two 
poles.  By  a  particular  ar- 
rangement, the  circuit  may 
bo  closed  or  interrupted  al 
pleasure,  and  in  such  a  man* 
ner  that  the  current  may  b< 
made  to  pass  alternatelj 
through  the  wires  and  th< 
body;  the  latter  being  tbuj 
exposed  to  a  series  of  shocks 
which  are  considered  particn 
larly  adapted  for  the  cure  oj 
diseases  arising  from  the  in 
jury  or  derangement  of  tli 
nervous  sysCem,  as,  for  in 
stance,  in  cases  of  asphyxit 
deafness,  &c.:  the  results,  Hov^ 
ever,  of  this  curative  metbcx 
have  not  in  general  answered  the  expectations  which  were  at  first  entertaiiie< 
Numberless  arrangements  have  been  at  various  times  proposed  for  the  coi 
struction  of  medico-galvanic  machines;  but  the  one  combining  the  xkxoj 
advantages  is  shown  in  figs.  185  and  136,  which  is  composed  of  two  ba.tt< 
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nes  A  B,  intb  their  respective  cells  C  D.  Each  battery  consists  of  a  cen- 
tnl  thin  plate  of  platinised  silver^  separated  from  the  outer,  or  zinc  plates, 
hj  means  o[  a  frame  of  wood.  The  binding  screws,  E  F,  after  passing 
Aroogh  the  frames,  are  soldered  to  the  silver  plates,  and  the  zinc  plates  are 
letaizied  in  their  respective  positions  by  means  of  the  binding  screws  G  H. 
The  copper  hand  I  is  nsed  to  connect  the  zinc  plate  of  one  battery  with 
the  silver  plate  of  the  other,  and  the  wires  K  L  are  to  afford  a  path  by  which 
the  electricity  may  enter  and  leave  the  other  parts  of  the  apparatus.  To  the 
binding-screws,  marked  X  and  Z,  are  attached  wires,  leading  into  the  interior 
of  the  coil  machine.  The  indicator,  0,  is  for  the  purpose  of  regulating  the 
fuantiiy  of  the  current  The  bundle  of  iron-wires,  Q,  serves  to  increase 
the  ihietisity  of  the  current  The  contact-breaker,  R  S,  is  for  the  rapid 
BiakiBg  and  breaking  the  battery  contact,  and  the  bindinff  screws,  P  N,  are 
for  atteehing  the  conducting  wires  of  the  directors  U  V,  by  means  of  which 
the  current  is  transmitted  to  the  patient 

189.  The  chemical  action  of  the  electrical  current  can  only  become  intel- 
^gil4e  to  us  after  having  studied  chemical  phenomena  in  general.  At  pre- 
sent it  will  suffice  to  say  that  the  current  exerts  a  tendency  to  decompose  all 
ehemical  compounds,  through  which  it  is  passed,  into  their  elements.  Electro- 
mftalbtrgy  is  an  application  of  this  property  of  the  electrical  current. 

190.  We  have  made  ourselves  acquainted  with  the  voltaic  pile  in  its  most 
nnple  form.  It  has  at  various  times  undergone  a  great  number  of  altera- 
tioos^with  regard  to  its  elements  as  well  as  to  its  construction.  The  action 
of  the  pile  is  greatly  increased  by  moistening  the  cloth,  placed  between  the 
plates,  in  a  solution  of  salt,  or  in  dilute  nitric  acid,  instead  of  in  water,  or 
by  ]^aemg  the  pairs  of  plates  in  receivers  containing  such  fluids,  and  con- 
noting them  properly  by  wires.  In  this  case  the  electricity  is  increased  to 
an  extraordmary  degree  with  the  commencement  of  chemical  decomposition. 
The  power  of  a  jHle  ini^eases  in  general  proportion  to  the  size  and  number 
of  its  elements.  Several  piles  may  be  combined,  and  thus  have  their  power 
iBitedy  as  16  the  case  with  a  battery  of  Leyden  jars. 
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Darnell's  con$tant  battery,  fig.  137,  consists  of  a  cylinder  of  copper,  con- 
tiumng  a  porous  cell,  in  which  is  placed  a  solid  rod  oC  amalgamated  zinor 
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The  copper  ojHnder  is  famished  with  a  perforated  shelf  apon  which  crystals 
of  sulphate  of  copper  are  placed,  in  order  to  keep  the  battery  in  constant 
action.  This  battery  is  excited  by  the  solution  of  sulphate  of  copper  in  the 
outer  cell,  and  dilute  sulphuric  acid,  containing  one  part  of  acid  to  ten  of 
water,  in  the  inner  cell.  Fig.  138  represents  ten  of  Danieli's  batteries  in  a 
mahogany  tray,  with  connectors  suitably  arranged  for  obtaining  either  g^uan- 
Hty  or  tntennty, 

Smee*8  battery,  ^g,  139,  consists  of  a  plate  of  platinised  silver,  S,  having 
a  bar  of  wood  fixed  at  the  top,  to  prevent  contact  with  the  zinc,  and  is  fur- 
nished with  two  binding  screws.  A  stout  plate  of  amalgamated  zinc,  Z, 
is  placed  on  each  side  of  the  wood,  and  both  are  retained  in  their  position 
by  the  binding  screws.  This  combination  is  immersed  in  a  jar,  A,  contain- 
ing dilute  sulphuric  acid,  when,  if  a  metallic  communication  is  made  between 
the  poles  or  screws,  an  active  galvanic  current  is  obtained.  Fig.  140  repre- 
sents a  compound  Smec's  battery. 
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The  most  powerful  galvanic  arrangement  is  shown  by  figs.  141, 142,  and  is 
the  invention  of  Professor  Orove.  It  consists  of  a  slip  of  platinum,  D,  placed 
in  a  porous  cell,  C,  each  cell  being  surrounded  by  a  thick  zinc  cylinder,  !B  R, 
contained  in  a  glass  vessel,  A  A.  The  platinum  in  each  cell  is  attached  to 
the  zinc  of  the  adjoining  cell  by  binding  screws,  E  F;  but  at  the  extre- 
mities or  poles,  the  platinum  forming  the  one  pole  terminating  in  the  sci^w 
F,  is  united  by  the  wire  A,  and  the  zinc  forming  the  other  pole,  and  termi- 
nating in  the  screw  E,  is  connected  by  the  wire  B.  This  battery  is  excited  by 
filling  the  outer  cell  with  dilute  sulphuric  acid,  the  inner  porous  cell  with 
strong  nitric  acid. 

191.  The  powerful  action  of  electricity  by  contact  on  the  nervous  syBtem 
save  rise  to  its  discovery  in  the  year  1789.  Gulvani,  on  suspending  Bome 
frogs'  legs,  from  which  he  had  removed  the  skin  for  anatomical  purposes,  to 
an  iron  railing,  by  means  of  copper  hooks,  observed  that  they  underwent 
remarkable  contortions.  The  phenomenon  when  more  carefully  Btadied, 
particularly  by  Yolta,  led  to  an  immense  number  of  discoveries  with  regard 
to  electricity,  and  their  source  is  evidently  not  exhausted  yet 
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Eotbe  series  of  phenomeDay  of  too  complicated  a  nature  to  be  explained 
in  a  brief  outline  like  the  present,  are  based  npon  the  above  observations ; 
ve  shall  therefore  confine  ourselves,  in  the  following  pages,  to  an  examina- 
tioQ  of  the  reciprocal  action  between  electricity  and  magnetism.- 

2.  Magnetism. 

192.  Ad  iroa  ore^  pretty  generally  distributed  in  Nature,  possesses  the 
peeabar  property  of  attracting  small  particles  of  iron,  such  as  filings,  and 
letainiog  them  on  its  sur&ce.  This  observation  had  already  been  made  by 
the  ancients,  and  the  name  of  the  phenomenon  is  derived  from  the  village 
d  Magnesia,  where  it  is  said  to  have  been  first  noticed.  The  above  mineral 
ttistB  in  Sweden  to  soch  an  extent  that  it  is  worked  for  iron.  It  is  called  the 
haducne  or  magnetic  iron  ore.  This  mineral  attracts  nickel  as  well  as  iron ; 
but  as  ihe  former  can  only  be  obtained,  with  the  greatest  difficulty,  in  the 
pDe  metallic  state,  we  shall  confine  ourselves  here  to  the  consideration  of 
the  behaviour  of  iron  with  the  magnet. 

Ids.  The  magnetic  property  of  loadstone  may  be  easily  imparted  to  steely 
bj  robbing  the  latter  in  a  certain  manner  with  a  piece  of  the  mineral.  It 
is  then  called  an  artificial  magnet;  and,  as  it  may  be  made  in  any  form,  it 
a  employed  for  all  magnetic  observations.  A  thin  and  long  piece  of  mag- 
B^iied  steel  is  termed  a  m^agneiic  needle;  and  we  will  first  proceed  to  make 
Mitehes  acquainted  with  the  behaviour  of  this  instrument. 

If  a  magnetic  needle  be  strewed  over  with  iron-filings,  a  great  number  will 
adhere  to  both  ends,  while  thfi  centre  will  not  attract  a  single  particle.  The 
terminating  points  of  the  needle,  which  are  possessed  of  the  highest  attrac- 
tire  power,  are  termed  its  poles,  while  the  place  where  no  attraction  exists, 
is  called  the  eqaaicr  of  the  magnet.  The  same  may  be  found  in  all  natural 
sad  artificial  magnets,  whatever  may  be  their  form.     In  magnets  of  regular 
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fonn,  the  poles  are  generally  sitaated  at  the  two  opposite  tmisy  and  Hbe 
eqaator  exactly  in  the  centre. 

194.  If  a  magnetic  needle  be  arranged  so  as  to  revolve  easily  on  iti  ver- 
tical axis,  it  will  always,  when  set  in  motion,  oscillate  from  side  to  dde,  until 

it  remains  stationary  in  a  certain  position,  to  which  it 
invariably  returns,  in  whatever  other  direction  it  may 
be  placed.  One  of  the  poles  always  pdnts  towards 
the  north,  and  is  called  the  north  pole  of  the  magnet^ 
while  the  other  necessarily  points  to  the  south,  and  is 
termed  the  south  pole.  This  property  of  the  magnet 
has  led  to  its  application  as  a  compass,  by  which  simple 
instrument  the  direction  of  any  place  may  be  deter- 
mined when  all  other  means  of  indication  are  wanting, 
148.  ^  ^^'  instance,  on  the  open  sea,  in  large  forests,  and 

in  mines. 

195.  If  the  south  pole  of  a  magnetic  needle,  supported  as  at  fig.  143,  be 
brought  near  to  the  south  pole  of  another  magnet,  the  extremity  or  point  of 
the  movable  needle  will  be  repulsed.  K,  on  the  other  hand,  its  south  pole 
be  brought  near  to  the  north  pole  of  another  magnet,  it  will  be  attracted  by 
the  latter  until  they  come  in  contact,  and  will  then  cliug  to  each  other. 
Thence  we  see  that  similar  magnetic  poles  repel,  while  opposite  poles  attract 
each  other,  as  is  the  case  in  electricity. 

196.  Although  iron  and  steel  are  in  most  respects  so  similar,  they  differ 
very  much  in  their  relations  to  magnetism.  Both  contain  the  two  kinds  of 
magnetism  in  combination.  As  long  as  this  is  the  case,  they  are  not  ob- 
served to  possess  magnetic  properties.  In  iron,  the  separation  of  the  two 
kinds  of  magnetism  may  be  easily,  but  only  transitorily  efiected.  The 
magnet,  therefore,  attracts  it  powerfully,  converting  it,  however,  only  into  a 
temporary  magnet.  The  two  kinds  of  magnetism  are  more  difficultly  sepa- 
rate in  steel,  hence  the  latter  is  but  slightly  attracted  by  the  most  powerful 
magnets.  When  once  effected,  however,  the  separation  is  permanent^  and 
the  steel  becomes  a  perfect  macnet. 

Iron  may  be  made  magnetic  by  inductionj  in  the  same  manner  as  electri- 
city was  shown  to  be  produced  by  induction.  If,  for  instance,  a  piece  of 
iron  be  attached  to  the  north  pole  of  a  magnet,  its  magnetism  will  be  de- 
composed in  such  a  manner  that  the  south  pole  of  the  iron  is  at  the  point  of 
contact,  and  its  north  pole  at  the  opposite  extremity.  On  holding  a  small 
piece  of  iron  to  this  end,  it  will  be  attracted,  and  likewise  acquire  polario 
properties.  Thus  a  small  chain  of  little  rods  of  iron  may  be  formed,  which 
will,  however,  &11  to  pieces  as  soon  as  the  first  piece  is  no  longer  under  the 
influence  of  the  magnet. 

Steel  becomes  magnetic  by  being  rubbed  with  a  natural  or  artificial  mag- 
net. The  north  pole  of  a  magnet  is  placed  on  the  centre  of  a  bar  of  steel 
and  repeatedly  drawn  over  it  towards  one  extremity ;  the  other  half  is  sub- 
jected to  a  similar  treatment  with  the  south  pole  of  the  magnet;  the  bar  is 
thus  rendered  magnetic,  and  only  loses  this  property  when  strongly  heated. 

As  we  do  not  view  magnetism  as  a  substance,  but  as  a  peculiar  current 
proceeding  in  a  certain  direction,  it  is  obvious  that  an  infinite  number  of 
magnets  moy  be  made  by  means  of  one  artificial  magnet,  without  the  latter 
losing  any  of  its  magnetic  properties  whatever. 
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If  im  9mame  Ifae  totlon  of  the  magnet  to  be,  Hke  that  of  the  galyanic 
pile,  the  result  of  an  excitation  of  every  one  of  its  particles,  the  snm  of 
BUeh  ^ppean  to  be  ooUeoted  at  the  two  fx^,  it  will  not  be  a  matter  of  sur- 
fom  to  indy  on  enttiog  a  magnetio  wire  in  half,  that  each  piece  will  repre- 
Mot  a  per£det  magnet,  with  two  opposite  poles  and  an  equator.  The  case  is 
the  same  as  if  we  took  from  the  pile  several  or  only  one  pair  of  plates,  each 
of  which  forms  a  small  batt^,  possessing  all  the  main  properties  of  the 
kiger  one. 

197.  A  steel  knitting-needle,  of  nniform  tibiickness,  when  suspended  at 
Us  eeiftre  by  a  thread,  will  be  in  equilibrium,  and  occupy  a  horizontal  posi- 
tioiL  If  it  be  converted  into  a  magnet,  as  described  above,  and  aeain  sus- 
pended, it  wfll  no  longer  appear  to  be  in  equilibrium :  one  end  will  exhibit 
a  veiy  pereeptiUe  downward  inclination,  just  as  though  a  weight  were  at- 
taehed  to  it.  The  thread  must  be  approached  to  the  extremity  of  the  needle 
tiiat  is  inclined  downwards,  in  order  to  re-establish  the  equilibrium. 

Thb  experiment,  together  with  the  circumstance  above  mentioned,  that 
the  needle  always  points  in  one  direction  towards  the  north  and  sondi,  lead 
ns  to  the  eondusion  that  some  cause  must  exist  for  these  phenomena.  The 
earth  may,  in  fact,  be  considered  as  a  large  magnet  Its  magnetic  poles  are, 
however,  not  in  exactly  the  same  situation  as  the  geographi<^  poles ;  hence 
iCs  magnetic  equator  does  not  coincide  with  the  central  line  of  the  earth. 
The  magnetism  of  the  earth  imparts  to  the  magnetic  needle  not  only  its 
direction,  bat  also  the  attraetion  that  alters  its  equilibrium.  As  the  mag- 
■atie  nOTth  pole  of  the  earth  attracts  the  south  pole  of  the  needle,  tfa^ 
extremity  of  the  latter  that  points  towards  the  north  should  properly  be  called 
itB  mmih  pole. 

In  pmrBoing  the  northerly  direction  indicilted  by  the  magnetio  needle,  we 
ibould  of  coarse  not  ultimately  arrive  at  the  north  pole  of  the  earth,  as  its 
BtaatioQ  is  not  identical  with  that  of  the  magnetic  north  pole.  By  extend- 
ing in  our  imagination  the  dnrection  indicated  by  the  needle,  we  shonld  obtain 
a  ctrele  roand  the  whole  earth,  which  is  called  the  magnetic  meridian.  The 
\atter  intersects  the  meridian  passing  through  the  poles  ai  the  earth,  at  a 
eertain  angle,  which  indicates  the  amount  of  declination  of  the  direction  of 
tb  needle  to  the  westof  the  true  north  pole.  n<  <  ^^ 

The  attractive  power  exercised  by  the  magnetic  poles  of  the  earth  must 
be  very  unequal  at  different  parts.  '  If  the  compass  be  situated  at  the  mag- 
netic equator,  its  north  and  south  poles  will  be  attracted  with  equal  force  by 
die  magnetic  poles  of  the  earth,  and  the  needle  will,  therefore,  occupy  a 
per&ctiy  horizontal  position.  On  approaching  the  magnetic  nortii  or  south 
pole,  the  compass  will  assume  a  certain  incliiuUion,  increasing  proportionably 
at  the  distance  from  the  pole  diminishes.  The  magnetic  north  pole  has,  in 
&ct,  been  so  nearly  approached  as  to  give  to  the  needle  a  position  almost 
lertical  to  the  surface  of  the  earth. 

198.  To  the  influence  of  the  earth's  magnetism  may,  therefore,  be  ascribed 
the  circumstance  that  objects  of  iron  and  steel  become  endowed  with  ma^- 
aetie  properties  to  a  slight  extent,  when  strongly  rubbed,  beaten,  or  stamped, 
particularly  if  they  are  at  the  same  time  held  in  the  direction  corresponding 
to  the  declination  and  inclination  of  the  needle.     Thus,  scarcely  any  imple- 
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ment  will  be  found  in  the  wcnrkshop  of  a  smith  or  loeksm£lii|  to  whidi  small 
iron  filings  or  scales  will  not  adhere. 

199.  The  reciprocal  action  between  eleotrieitj  and 
magnetism  is  exceedingly  remarkable.  If  a  piece 
of  iron,  in  the  form  of  a  horse-shoe,  fig.  144,  be 
wound  round  with  copper-wire,  and  an  electrical  cur- 
rent then  passed  through  the  latter,  the  iron  will 
exhibit  the  most  powerful  mciffnetic  properties,  which 
it  loses,  however,  the  moment  the  current  is  in- 
terrupted. If  steel  needles  be  employed  in  this 
experiment,  they  will  become  permanently  magnetic. 
The  conducting  wires  employed  in  these  experi- 
ments are  wound  round  closely  with  silk,  in  order 
that  they  may  be  insulated  in  coming  in  contact 
with  each  other,  or  with  other  metals,  thus  permitting  the  ourrent  to  pass  in 
their  interior  in  one  direction  only. 

Oh  covering  the  ends  of  a  non-magnetic  piece  of  iron  (fig.  145)  with  coils 
of  wire,  and  imparting  to  the  magnet  a  6,  which  is  placed  below,  a  rapid 
motion  round  its  vertical  axis,  in  such  a  manner  as 
to  cause  the  poles  to  approach  each  end  of  the  iron 
alternately,  an  electrical  current  will  be  established 
in  the  wire,  by  means  of  which  all  the  electric 
phenomena  already  mentioned  may  be  produced. 

If  an  electrical  current  be  passed  through  a  spun! 
coil  of  wire,  suspended  in  such  a  manner  as  tb  be 
moved  round  its  vertical  axis,  the  wire  will  assume 
the  position  of  the  magnetic  needle,  and  exhibit  all 
its  characteristic  properties. 

By  this  we  prove  the  existence  of  an  intimate 
reciprocal  relation  between  the  two  kinds  of  cur- 
rents, and  this  is  termed  electro-^magneHsmy  a  force 
to  which  has  been  attributed  the  common  cause  of  these  phenomena. 

The  fact  of  a  piece  of  iron  being  endowed  with  a  high  magnetic  power, 
so  long  as  an  electrical  current  is  allowed  to  pass  through  a  wire  coiled  round 
it,  as  shown  by  fig.  144,  has  led  to  experiments  having  for  their  object  the 
application  of  electro-magnetism  as  a  motive  power ;  but  hitherto  no  prac- 
tice results  have  been  obtained. 

On  the  other  hand,  the  application  of  electricity  by  contact  to  eUctric 
telegraphs  has  become  of  the  highest  importance,  since  its  practical  applica- 
tion was  first  demonstrated  by  Professor  Morse,  in  1837.  The  following 
observations  will  furnish  an  idea  of  the  principle  of  this  invention : — ^If  the 
two  ends  of  the  wire,  wound  round  the  horse-shoe-formed  iron,  are  greatly 
extended,  so  as  to  reach  to  a  spot,  at  a  distance  of  some  miles,  where  a  gal- 
vanic pile  is  situated,  the  piece  of  iron  may  be  made  alternately  magnetic 
and  non-magnetic,  by  closing  the  circuit  of  the  battery  or  breaking  contact 
By  this  means,  the  horse-shoe  may  be  made  to  attract,  at  intervals,  a  piece 
of  iron  placed  close  at  hand.  Thus,  (fig.  146,)  in  Morse's  Patent,  a  lever, 
armed  at  one  end  with  a  blunt  point,  is  alternately  attracted  and  repelled  by 
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die  hone-ahoey  prodnciiig  on  the  slips  of  paper  dots  and  lines^  which  repre- 
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sent  letters.  The  paper  is  made  to  pass  slowly  nnder  the  roller,  against 
which  the  p<unt  moves ;  and  this,  in  the  machines  now  in  use,  is  produced 
hjadodc  apparatus.  Fig.  147  re- 
pvraents  the  instrument  usually  em- 
ployed to  break  or  complete  the 
eiitait,  eaosng  the  motion  of  the 
leTcr  at  the  other  end  of  the  tele- 
graphic line.  A  less  convenient 
aode,  sometimea  used  in  Europe, 
communicates  this  motion,  by  a 
proper  mechanical  contrivance,  to 
an  index  moving  over  a  disc,  upon 
which  are  marked  the  letters  of  the 
alphabet.  A  certain  position  is 
giTen  to  Uie  index,  so  that,  for  in- 
fitance,  it  points  to  the  letter  A  on  the  first  closing  of  the  circuit,  moving  to 
B  on  the  breaking  of  contact,  thence  to  C  by  the  second  closing,  and  so  on : 
thuSf  by  making  and  breaking  contact  the  appropriate  number  of  times,  the 
index  may  be  made  to  point  to  any  letter,  and  words  or  sentences  are  thus 
telegraphed  &om  one  place  to  another.  Various  other  instruments  have  been 
made  lor  &cilitating  the  use  of  this  important  agency,  such  as  Bain's,  in 
whichy  by  chemical  affinities,  the  signs  are  produced  by  the  discoloration  of 
pr^ared  paper;  and  House's  Printing  Telegraph,  in  which  letters  cut  on 
the  edges  of  a  steel  wheel,  are  printed  upon  a  slip  of  paper  passing  over  it 
as  it  revolves.  The  complication  of  machinery  by  which  these  effects  are 
prodnoed,  renders  it  unnecessary  to  dwell  upon  them,  especially  as  the  prin- 
ciple which  produces  the  motive  power  in  all  of  them  is  the  same — viz. :  the 
alternate  breaking  and  connecting  of  the  magnetio  drcuit 

Elec&ic  telegraphs  are  frequently  constructed  along  railways :  they  com- 
lone  the  advantages  of  increased  certainty  and  rapiouty,  over  the  old  tele- 
gnphs,  with  that  of  cheapness  and  of  being  perfectly  unimpeded  in  their 
operations  by  night  or  fog. 

Thus  as  heat  and  light  are  most  wondrously  associated  together,  so  that 
one  seldom  appears  unaccompanied  by  the  other,  and  as  every  increased  de- 
gree oi  beat  leads  to  the  production  of  light,  so  electricity  and  magnetism 
tty  SkewJse  be  more  frequently  dependent  upon  each  other,  than  experi- 
mtsiDd  researehes  have  hitherto  shown. 
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The  Northern  Lights. 

200.  One  of  the  most  brilliant  nocturnal  phenomena,  the  Northern  Lighiz 
(Aurorse  boreales),  appears  to  have  some  connection  with  the  magnetism  of 
the  earth,  as  a  peculiar  oscillation  is  imparted  to  delicate  magnetic  needles, 
on  the  appearance  of  a  very  powerful  northern  light,  and  as  the  latter  is  seen 
in  a  direction  corresponding  with  that  of  the  magnetic  North  Pole.  This 
phenomenon  of  light  has  also  been  observed  at  the  South  Pole ;  but  it  most 
generally  appears  in  the  direction  of  the  North  Pole,  which  is  situated  nearer 
to  us  and  is  better  known. 

In  its  greatest  brilliancy  the  Aurora  borealis  presents  itself  to  us  as  an 
immense  belt,  consisting  of  fiery  rays,  and  extending  in  a  semicircle  over  the 
horizon,  its  extremities  appearing  to  touch  the  earth.  It  exhibits  the  greatest 
variations  in  the  brilliant  changes  of  its  colours,  and  the  continued  increase 
and  disappearance  of  its  rays.  In  the  long  dreary  nights  of  the  polar  regions 
it  diffuses  over  the  spacious  vault  of  heaven  a  thousand  different  lights  of  the 
most  resplendent  beauty.  In  more  civilized  regions,  its  yellowish>red  appear- 
ance has  not  unfrequently  excited  the  terror  and  alarm  of  the  ignorant  and 
superstitious,  and  even  the  more  enlightened  members  of  society  have  ima- 
gined the  phenomena  to  be  portentous  of  great  events,  and  the  harbingers 
of  war,  pestilence,  and  famine,  whilst  timid  imaginations  have  sometimes 
shaped  them  into  aerial  conflicts. 

<<  Fierce  fiery  warriors  fight  upon  the  clouds 
In  ranks  and  squadrons,  and  right  form  of  war." 

Shakspeare, 
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'<  Hail,  mighty  Sirius,  monarch  of  the  Sons ! 
May  we  in  this  poor  planet  speak  with  thee  ? 
Say,  art  thou  nearer  to  His  throne,  whose  nod 
Doth  goyem  all  things  ? — Hast  thou  heard 
One  whisper  through  the  open  gate  of  Heaven, 
When  the  pale  stars  shall  fall,  and  yon  blue  yault 
Be  as  a  shriYelled  scroll  ?"  Sigoumey, 

1.  AsTBONOMT  \B  the  scienoe  which  treats  of  the  heavenly  bodies  and  of 
tkdr  motioDs.  In  reference  to  its  object  it  forms  a  branch  of  Physics 
but  the  importance  and  the  extent  of  astronomical  phenomena  demand  for 
this  science  an  independent  consideration.  The  pbenomena  of  motion  ex- 
elusively  arrest  our  attention.  The  laws  on  which  these  motions  depend  are 
predaely  the  same  as  those  which  are  partly  explained  in  Physics,  in  the 
doetrioes  of  Eqnilibriam  and  Motion ;  hence  Astronomy  has  been,  not  un- 
aptly, called  bj  many  the  Mechanics  of  the  Heavens  (Celestial  Mechanics). 
2.  The  scene  on  which  the  phenomena  of  Astronomy  are  represented  is 
called  the  firmament,  or  the  heavens ;  and  the  objects  that  appear  in  this 
space  or  firmament  are  called  the  heavenly  bodies,  or  more  commonly  stars. 
In  the  same  manner  as  we  have  in  §  2  of  Physics  defined  space  as  some- 
thmg  infinite,  so  we  may  consider  the  heavenly  bodies  as  innumerable.  This 
ineomprehensible  only  partially  unveiled,  these  immeasurable  distances  and 

(189) 
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immense  masses  of  matter  together  with  rapidity  of  motion  equally  ineon- 
oeivable  confer  upon  the  phenomena  of  Astronomy,  and  consequently  on 
the  science  itself,  a  great  elevation  and  solemnity  which  do  not  belong  to 
the  other  branches  of  Natural  Science. 

"  The  survey  of  unlimited  distances  and  of  immeasurable  altitudes,  tiie 
view  of  the  great  ocean  spread  out  at  the  foot  of  man,  and  the  greater  ocean, 
the  canopy  of  the  heavens,  spread  out  over  his  h^,  liberates  the  spirit 
from  the  confined  limits  of  the  actual,  and  from  the  oppressive  shackles  of 
physical  life." 

Although  in  these  words  of  Schiller  we  find  the  elevating  character  of 
astronomical  phenomena  efficiently  represented,  still  we  do  not  agree  with 
what  is  maintained  by  many,  viz.,  that  Astronomy  is  the  first  and  the  noblest 
of  all  the  natural  sciences.  To  the  natural  philosopher  to  whom  the  whole 
extent  of  nature  belongs,  all  the  individual  branches  of  science  constitute 
the  links  of  an  endless  chain,  from  which  not  a  single  link  can  be  detached 
without  destroying  the  harmony  of  the  whole.  Erroneous  views  regarding 
the  growth  of  the  most  insignificant  plant  are,  to  the  truth-seeking  mind, 
as  unworthy  as  the  absurdities  of  the  antiquated  ideas  of  the  motions  of  the 
heavenly  bodies. 

8.  The  science  of  Astronomy  is  greatly  dependent  on  Mathematics.  The 
relations  of  space,  number,  and  time,  are  the  important  problems  to  be 
solved.  How  large  and  how  far,  or  how  long  and  how  often  ?  These  are 
the  primary  problems  which  this  science  proposes  to  solve. 

Only  the  science  of  Mathematics,  and  especially  the  higher  branches  of 
Geometry  and  Trigonometry  are  capable  of  answering  these  questions ;  and 
it  b  a  fact  that  the  constant,  progressive,  and  increasing  demands  of  Astro- 
nomy have  been  the  external  propulsive  cause  to  which  mathematical  science 
has  been  mainly  indebted  for  its  present  high  development. 

Although  it  is  impossible  to  follow  exactly  the  course  by  which  astrono- 
mers have  been  able  to  establish  the  most  important  truths  of  astronomical 
science,  without  a  considerable  knowledge  of  Mathematics ;  still  the  disco- 
veries made  by  the  learned  in  the  laborious  way  of  calculation,  and  the  laws 
that  have  been  deduced  therefrom,  may  be  represented  in  simple  terms,  so 
as  to  be  intelligible  even  to  those  whose  knowledge  of  Mathematics  is  not 
very  profound. 

Astronomy  especially  requires  a  frequent  application  of  comparisons,  in 
order  to  make  her  phenomena  more  easily  comprehensible.  It  is  manifestly 
difficult  to  form  a  conception  of  the  magnitude  of  the  earth,  but  it  is  stiU 
more  difficult  to  imagine  the  exceeding  vastness  of  the  sun's  dimensions,  at 
least  a  million  of  times  larger  than  our  ^lobe.  On  the  other  hand,  we  can 
more  easily  estimate  these  relative  magnitudes,  if  we  represent  the  earth  by 
a  grain  of  millet,  and  the  sun  by  a  skittle-ball.  But  how  can  we  form  an 
idea  of  endless  space,  with  the  innumerable  heavenly  bodies  moving  therein  ? 
This  also  may  be  compared  to  the  space  of  a  room,  in  which  countless 
myriads  of  atoms  whirl  around  each  other  as  seen  in  one  single  sun-beam, 
which  finds  its  way  into  the  room. 

4.  The  history  of  Astronomy  is  as  ancient  as  that  of  the  human  race. 
For  thousands  of  years  the  same  star-bespangled  heavens,  which  now  sur- 
round us,  like  an  enormous  canopy,  have  awakened  the  attention  of  men 
and  excited  their  admiration.     We  may  here  observe  that  the  uncivilized 
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tabes  of  tke  desert  and  the  Bomadio  iahdbitaots  of  th*  wide-fpread  steppes, 
witeh  the  pheDomeoa  of  the  heaveolj  bodies  with  more  atientioQ  than  the 
iohabitaDts  of  our  cities.  For  to  those  the  stars  serve  as  time-pieoe,  ngn- 
post,  oompaas,  barometer  and  calendar^  beaoe  they  are  compelled  to  direct 
their  attendoD  to  the  motions  of  the  heaTcnly  bodies;  whilst  the  inhabitants 
of  more  oTilixed  coantriee  are  not  under  the  same  necessity. 

We  are  therefofe  indebted  for  a  series  of  highly  important  observations 
to  those  of  the  anoiento  who,  little  advanced  in  science,  but  in  the  capacity 
d  hooters  and  shepherds,  were  obliged  to  contemplate  the  starry  heavens 
it  orda  to  determine  the  place  and  time. 

5.  It  cannot  be  diluted  that  a  preference  is  to  be  ^ven  to  Astronomy 
over  all  other  brandies  of  natural  science,  because  it  can  be  studied  to  a  cer- 
tain extent  without  the  aid  of  many  artafioial  means.  As  soon  as  the  glo- 
Dooi  orb  of  day  has  set^  the  twinkling  stars  shine  forth  in  the  darkening 
finaameDt,  the  larg^  ones  apjpetfing  firat,  and  after  a  time  the  smaller  suc- 
ceed, until  at  last  myriads  of  distant  worlds  appear  as  a  beautiful  canopy 
before  the  astonished  gaze  of  man.  The  nocturnal  starry  heavens  afibrd  to 
eveij  one  an  accessible  field  of  observation,  on  which  by  attentive  considera- 
tion many  imp(»iant  phenomena  may  be  beheld  without  the  aid  of  any  kind 
of  instnunents  whatever. 

While  the  prosecution  of  natural  philosophy  requires  a  number  of  arti- 
iioal  and  expensive  instruments,  and  Chemistry,  a  large  supply  of  materials 
>nd  preparations,  Astronomy  merely  requires  her  votary  to  elevate  his  eye 
to  the  firmament  above  him  when  he  finds  himself  at  once  in  the  midst  of 
celestial  phenomena. 

li^  however,  one  series  of  astronomical  truths  is  so  accessible,  there  is  a 
still  more  considerable  number  invisible  to  the  unassisted  eye.  An  accurate 
ioTestigation  of  astronomical  phenomena  can  therefore  only  be  made  with 
the  aid  of  instruments,  and  the  purchase  and  erection  of  these  are  attended 
vith  80  ooDsiderable  an  outlay  as  to  render  personal  observation  accessible 
to  a  few  individuals  only.  It  is  this  fact  which  accounts  for  a  certain  degree 
of  ineompleteneas  of  the  astronomical  knowledge  of  the  ancients,  and  it  was 
only  from  the  time  when  art  lent  new  powers  to  the  eye,  by  the  invention 
^  the  telescope,  that  the  field  of  observation  was  widened,  and  by  the  con- 
tinoed  improvements  of  the  instruments  the  results  of  observation  were 
apidlTaecnmuhaed. 

6.  The  evident  influence  of  the  sun  upon  the  surface  of  the  earth  as  the 
■Bonating  source  of  light  and  heat,  the  remarkable  changes  of  the  moon  in 
fivm  and  time  of  rising  must,  in  earlier  times,  have  given  to  these  two 
loBunaries  a  high  degree  of  importance  in  the  estimation  of  the  ancients, 
cf  which  the  £vine  honours  they  received,  are,  in  some  measure,  a  con- 
^T!omg  proof  to  this  day.  It  was  also  natural  to  ascribe  even  to  the 
■■uJler  celestial  bodies  a  relation  to  the  earth  and  its  inhabitants,  although 
thie  is  not  so  conspicuous  as  in  the  case  of  the  former  bodies. 

We  can  therefore  easily  conceive  that,  at  a  time  when  illusory  conceptions, 
JB  reference  to  the  stars  and  their  phenomena,  were  prevalent,  another 
odoence  was  generally  attributed  to  them,  namely,  that  they  were  inti- 
*>tely  connected  with  the  destinies  of  the  human  race.  For  every  great 
^^t^  for  every  remarkable  personage,  for  everything  which  the  benighted 
v^  fbtt^ed  mind  of  the  vulgar  could  not  rationally  account^  a  solution  and 
'CisoD  were  sought  in  the  stars. 
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Thus,  ii  was  due  stange  mixtare  of  arbitrary  assumptions,  iHoaions,  and 
errors,  regarding  the  nature  of  the  stars,  that  gaye  birth  to  Astrology,  which 
for  hundreds  of  years  mystified  and  perplexed  instead  of  enlightening  and 
enlarging  the  human  mind.  It  was  this,  in  oonnexion  with  superstition  and 
knavery,  that  brought  contempt  and  persecution  upon  science,  and  continu- 
ally retarded  its  progress,  until  the  human  mind,  based  on  unprejudioed 
observations,  tore  asunder  its  shackles,  and  learned  that  the  earth  is  truly  a 
point  of  space,  but  not  the  central  point :  that  the  stars  are  independent 
worlds,  not  mere  marks  and  signs  for  illnstmting  the  destinies  of  the  passing 
generations  of  this  little  earth.    ^ 

7.  In  our  endeavour  to  give  in  the  followhig  pages  an  exposi^on  of  the 
most  important  astronomical  phenomena,  we  shall  not  aoeomplish  oar  task 
without  previondy  giving  an  explanation  of  a  number  of  aids  which  this 
science  requires  in  order  to  render  its  study  more  clear.  Geometry  is  the 
branch  of  science  from  which  most  of  these  aids  are  derived,  and  if  we 
assume  them  partly  to  be  generally  known,  a  brief  outline  of  this  science  is 
requisite  to  insure  an  adequate  comprehension  of  the  following.  After  we 
have  in  this  •  manner  become,  in  some  measure,  acquainted  with  the  astro- 
nomical method  of  observations,  language,  and  exfn^essions,  we  shall  proceed 
to  the  consideration  of  those  phenomena,  which  by  day  as  well  as  bj  night 
are  unceasingly  displayed  in  the  heavens.  Hereby  we  shall  acquire  a  tsnae 
insight  into  5ie  arrangement  of  the  heavenly  bodies,  and  be  able  to  divest 
ourselves  of  the  erroneous  notions  of  former  times. 

The  sulgeot  is  divisible  into  the  following  sections : —  ^ 

1,  Aids  to  Astronomical  Observation. 

n.  General  Astronomical  Phenomena. 

III.  Special  Astronomical  Phenomena. 

I.  AIDS  TO  ASTRONOMICAL  OBSERVATION. 

Anqlb. 

8.  On  a  plane,  a  sheet  of  paper,  fnr  example,  we  describe  two  lines  a  h 
and  c  d  Tfig.  1),  which  intersect  each  other  in  the  pdnt  m;  thus  the  plane 
is  dividea  into  four  parts. 

Each  of  these  parts  is  called  an  an^,  and  the  two 
lines  by  which  each  angle  is  eontained  or  included^  are 
its  ndes,  and  the  point  where  they  cut  each  other  or 
intersect,  is  called  the  vertex  of  the  angle.     Thus  a  m 
d    and  c  m  are  the  two  ndes  of  the  angle  am^ 

If  we  cut  out  with  a  pair  of  scissors  ^e  four  angles 

situated  about  the  point  m,  and  on  applying  them  to 

^  each  other,  find  that  they  all  are  exactly  of  the  same 

I,  size,  that  is,  that  the  four  sections  exactly  cover  each 

other,  we  call  these  angles  right  angles;  and  in  this  case 

the  lines  a  h  and  c  d  cut  each  other  at  ri^t  angles,  or  are  perpendioiilar  to 

each  other. 

Again,  if  we  consider  fig.  2,  we  see  at  a  glance  that  the  lines  of  V  and  <!  ^ 
do  not  intersect  at  right  angles,  but  that  the  plane  is  divided  into  four  vciy 
unequal  angles.    On  cutting  out  and  comparing  one  of  these  with  an  angle 
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of  fig.  1,  it  18  evident  that  the  an^^e  a'  ml  dy  fig.  2^  b  smaller  than  die  right 
anglo  a  m  Cy  fig.  1^  and  that  the  angle  a!  m'  <f 
IS  considerably  larger  than  a  right  an^Ie. 

Angles  which  are  smaller  than  a  nght  an^ 
are  csJled  acutCj  and  snoh  as  are  greater  are 
called  o&aue  angks.  Around  the  point  m' 
there  are  the  two  acute  angles  a'  nt!  c'  and 
d^  fn!  V,9A  well  as  the  two  obtuse  angles  a'  m'  d! 
and  c'  ifC  5'.  Hence  we  deduce,  that  round  a  given  point  no  more  than  four 
right  angles  can  be  constructed,  and  only  three  obtuse  an^es ;  and,  on  the 
oontrary,  that  an  infinite  number  of  acute  angles  may  be  formed  round  the 
saitie  point;  and  further,  that  of  the  four  angles  represented  in  fig.  2,  the 
two  opposite  vertical  angles  are  equal,  and  the  two  adjacerU  angles^  a!  m'  d 
and  of  m'  cT,  unequal  to  each  other,  are  together  equal  to  two  right  angles. 

These  rations  are  perfectly  independent  of  the  length  of  the  sides  which 
include  the  angle.  For  if  we  suppose  that  the  lines  a  h  and  c  d  (fig.  1),  or 
al  V  and  d  dt  (%.  2),  are  extended  indefinitelv,  still  the  angles  m  and  m' 
formed  at  the  point  of  intersection,  remain  unchanged. 

9.  The  muUial  inclination  of  the  lines  including  the  angle  is  always  deter- 
mmed  by  the  magnitude  of  the  angle.  Thus  me  situation  of  a  point  in 
iplation  to  a  plane  is  partly  determined,  if  we  know  the  angle,  formed  by  a 
line  drawn  firom  Uiat  point  to  any  point  of  the  pkne.  This  principle  renders 
the  angle  so  exceedingly  important,  that  it  is  capable  of  being  employed  as 
tbe  key  to  the  most  important  truths;  for  a  great  part  of  the  actual  observa- 
tions oi  astronomers  are  dependent  on  the  study  of  angles. 

The  next  object  is  to  determine  the  magnitude  of  the  angle. 

To  determine  the  size  of  an  angle  the  circle  is  employed.  Suppose  we 
describe  a  drde  (op  qr  d)  about  the  point  of  intersection  m  of  the  lines 
ab,  c  dy  which  cut  each  other  at  right  an- 
cles, there  is  opposite  to  every  one  of  the 
four  richt  angles  a  curve-line  or  arc  of  a  cir- 
cle, which  is  exactly  a  fourth  part  of  the 
circle ;  for  example,  over  the  angle  a  m  c  is 
the  quadrant  or  fourth  part  of  the  ciroum- 
forenoe  o  p.  That  the  magnitude  of  the 
circle  is  indiffisrent,  is  shown  by  the  dotted 
lines;  for  d' pi'  and  d pi  are  quadrants  as 
well  as  o  j>. 

The  acute  ang^e  c  m/  is  hence  equal  to 
half  a  right  angle,  because  the  arc  by  which 
it  is  subtended  is  an  octant,  the  eighth  part 
of  a  circle,  and  the  obtuse  angle  amfis  equal  to  one  and  a  half  right 
an^,  because  its  subtending  arc  is  equal  to  three-eighths  of  the  circle. 

Thus  we  can  very  accurately  determine  the  magnitude  of  an  angle,  when 
we  state  the  portion  of  a  drde  which  the  arc  of  that  angle  forms. 

For  this  purpose  the  cirde  is  divided  into  860  equal  parts,  each  of  which 
is  called  a  degree.  And  every  de^ee  is  again  divided  into  60  equal  parts, 
called  minute$j  and  every  one  of  these  again  into  60  seconds. 

Hence,  when  we  speak  of  an  angle  of  90  degrees,  we  necessarily  mean  a 
right  angle,  since  90  degrees  are  the  fourth  pi^t  of  the  360  degrees  of  the 
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whole  oiiole.     Every  angle  lees  than  90  degrees  b  an  acute  ang^e ;  and 
every  angle  of  more  degrees  is  an  obtose  angle. 

For  accurately  measuring  angles^  a  simple  instrament  called  9k  jprotnjuiat 
is  employed;  and  this  is  generally  made  of  brass. 


<49   0>OOC^«  •O^IOCI  .-»  JO 


The  protractor  {^,  4)  is  a  section  called  a  semi-circle,  which  is  divided 
into  180  degrees.  If  by  this  instrument  we  wish  to  measure  the  angles 
amcjamfycmf^  and  ^  m  &,  we  place  the  protractor  so  that  the  centre 
of  the  semi-circle  and  the  vertical  point  of  the  angle  may  coincide,  and  then 
read  the  number  of  degrees.  We  thus  find  that  a  m  c  is  equal  to  90 
decrees,  and,  therefore,  a  right  angle;  that  a  m/  is  equal  to  185  degrees, 
and,  therefore,  an  obtuse  angle :  also/m  &  is  an  acute  angle  of  45  degrees, 
or  half  a  right  angle ;  and,  finally,  <^  m  5  is  a  very  acute  angle  of  only  5 
degrees. 

In  accurate  mensuration,  the  minutes  and  even  seconds  of  a  degree  are 
measured.  The  number  indicating  degrees  is  distinguished  by  a  small 
cypher  (^),  the  minutes  by  a  dash  ('),  and  the  seconds  by  two  dashes  ("); 
thus,  for  example,  an  angle  =  90^  35'  16''  signifies  an  angle  of  ninety 
degrees,  thirty*five  minutes,  and  sixteen  seconds. 

10.  Only  a  drawn  angle  can  be  measured  by  the  protractor.  When  an 
angle  in  which  only  imaginary  lines  intersect  each  other  is  to  be  measured, 
another  instrument  is  employed. 

For  example,  if  the  angle  formed  by  the  lines  extending  from  two 
distant  steeples,  A  and  B,  to  the  eye  of  the  observer,  where  they  meet  in  C 
(fig.  5),  is  to  be  determined,  the  simplest  apparatus  for  this  purpose  is  the 
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atiffk  intirumeHt  (pg.  6).    This  is  coDstnioted  of  a  metallio  ring,  the  rim 

of  which  is  divided  into  de- 
grees, and  ealled  the  limb.   In  ,  -  -  HA 

the  centre,  C,  of  this  circle, 

there  is  a  pivot  about  which  a 

rod  or  bar,  RR,  called   the 

index-arm,  revolves  in  a  simi- 
lar manner  to  the  hand  of  a 

clock.      The     instrument    is 

placed    horizontally   upon    a 

small  table,  so  that  its  centre, 

C,  is  situated  exactly  in  the 

place  where  the  lines  drawn 

firom  A  and  B  are  supposed 

to  intersect. 
The  index  is  next  directed 

to  the    part    of   the  limb 

marked  with    0^,  and  the  ^V 

instrument  so  adjusted  that 

the  point  A  may  appear  to 

the  eye  in  the  same  straight 

line  as  the  index-arm.     This 

is  subsequently  moved  round  q^ 

the  pivot  till  the  point  B  is 

in  its  direction,  which  is  the  ease  if  it  has  the  position  R'  R';  in  this  manner 

the  index-arm  describes  an  arc  which  is  measured  on  the  graduated  limb  of 

the  instrument,  which  in  the  present  case  is  20^ ;  consequently  the  angle  at 

G  over  which  this  arc  is  situated  is  20^. 

This  is  the  fundamental  arrangement  which  we  find  with  more  or  less 
variation  in  all  astronomical  instruments  for  measuring  angles. 

It  is  evident  that,  according  as  the 
angle  to  be  measured  is  either  ver- 
tical or  horizoatal  to  the  surface  of 
the  earth,  the  circle  of  the  instru- 
ment must  be  placed  either  parallel 
with  or  vertical  to  it.  This  latter 
position  of  the  instrument  must  be 
adopted  in  measuring  the  angle 
formed  by  an  imaginary  line  drawn 
from  the  top  of  a  tower  to  a  point 
on  the  surface  of  the  earth  with  the 
surface. 

In  cases  where  angles  are  to  be 
measured,  the  extent  of  which  does 
not  exceed  that  of  a  right  angle,  or 
an  angle  of  60^,  it  is  more  conve- 
nient to  employ  a  quadrant  or  a  sex- 
tant than  an  entire  circle. 

Fig.  7  represents  a  quadrant  move- 
able round  the  point  L.     A  B  is  the 
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limb,  and  C  the  oenlie  of  the  quadrant.  The  iostrament  is  so  disposed  that 
a  telescope  which  is  attached  to  one  of  its  sides  may  be  directed  to  a  point 
in  the  horison  H,  in  the  line  H  h,  and  the  other  side,  C  A,  may  coinoide 
with  the  line  of  the  plummet  P  attached  to  0 ;  nftev  this  adjustment  the 
telescope  is  directed  to  the  star  S,  when  the  plummet  which  retains  its  T«r- 
tical  position  marks  off  on  the  limb  of  the  quadrant  the  number  of  the 
degrees  of  the  angle^  which  a  line  drawn  from  the  star  to  the  observer  makes 
with  the  horizon. 

The  construction  of  angle  instruments  has  now  reached  to  such  a  high 
degree  of  perfection,  that  an  angle  of  one  second,  aikd  CTen  of  half  a  second 
can  be  measured.  The  angle  of  one  second  is  but  ^i^lviy  of  a  right  ao^ 
To  realize  the  idea  of  an  anrie  so  excessively  minute  as  one  second,  we  may 
suppose  a  line  drawn  from  the  upper  and  under  side  of  a  human  hair  to  a 
pomt  three  feet  distant :  these  two  lines  would  oontain  an  angle  of  a  seooai 

Cmoi:<E. 

1 1.  Suppose  we  fix  a  nail  in  a  table,  and  attach  to  it  a  thread,  and  to  the 
other  end  of  the  latter  a  black-lead  pendl.  With  this  we  describe  a  line 
round  the  nail ;  keeping  the  thread  equally  stretched  during  the  operation. 
A  circle  is  thus  described,  with  this  essential  quality,  that  er^ry  point  in  this 
line  80  drawn  is  equally  distant  from  the  point  on  which  the  nail  is  fastened, 
and  which  is  termed  the  centre  of  the  circle.  A  straight  line  drawn  from  the 
centre  of  a  circle  to  a  point  of  its  circumference,  such  as  b  in  the  aboye  ex- 
ample described  by  the  stretched  thread,  is  called  the  semi-diameterf  or  radm^ 
of  the  circle ;  and  it  is  evident  that  all  the  half  diameters  or  radii  of  a  mrde 
are  equal     If  the  radius  is  extended  till  it  meet  the  opposite  part  of  the  dr- 

cumference,  it  will  form  the  diameter  of  the 
circle,  which  is  evidently  the  double  of  the 
radius.    All  diameters  alao  of  the  same  circle 
are  therefore  equal.     (See  fig.  8.) 
€      =  centre, 
ac  =  semi-diameter  =  r. 
ab  =  diameter  ==  2  r  =  ci 
hil=:^  arc  of  the  droumference. 
Jcl  =  chord. 
fi»n=  secant. 
op  =  tangent 

dv  =  eireumference,  «  =  8*14. 
Any  portion  of  a  circumference,  Jeil  for 
example,  is  called  an  arc;  and  the  straight  line 
kly  uniting  its  two  ends,  is  called  the  chord  of  that  arc.  A  line  mn,  cut- 
ting the  circle  in  two  points,  is  called  the  9ecant ;  and  a  line  op^  outside  a 
circle,  touching  the  circle  in  one  point  only,  is  called  the  tangent.  The  cir- 
cumference is  denoted  by  <2«  or  2rv,  the  Qreek  letter  «  representing  the 
number  %'\^  the  circumference  being  3*14  times  longer  than  the  diameter. 
Suppose  the  lenffth  of  the  diameter  to  be  4  inches,  that  of  the  circumference 
will  be  4  X  314  =  12-56  inches. 

The  superficial  contents  of  the  circle  is  equal  to  rr«,  which  shows  that  it 
is  found  by  multiplying  the  semi-diameter  by  itself,  and  the  product  by  the 
number  3*14. 
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Sphere. 

12.  Particakr  attention  must  be  paid  bj  the  etodent  to  the  sphere,  which 
is  a  body  with  a  convex  suifaee,  and  every  pdnt  of  which  is  equally  distant 
from  a  point  within  the  sphere,  called  the  cetUre,  A  straight  h'ne  drawn 
from  the  centre  to  any  point  of  the  surface  b  a  semidwmeter,  and  the  ex- 
tension of  yds  line  to  the  opposite  sor&oe  of  the  sphere  is  called  ^e  diameter. 
As  in  the  circle,  so  also  in  the  sphere,  all  the  semi-diameters  and  diameters 
areeqoaL 

Let  OS  suppose  a  sphere  intersected  by  planes  which  pass  through  its 
eeotre,  these  planes  will  represent  the  great  circle  of  the  sphere,  whose  radius 
is  ejual  to  the  radius  of  the  sphere. 

Tne  gvperfictal  conienti  of  a  sphere,  or  its  superficies,  is  found  by  multi- 
laying  the  superficies  of  one  of  its  great  circles  by  foor,  and  may  be  ex- 
pressed by  the  formuk  4tftrr=:  wdcL  The  surfiices  of  two  spheres  have 
the  same  relative  proportions  to  each  other  as  the  squares  of  their  diameters. 

The  cubic  contents  of  a  sphere  are  found  by  multiplying  one-third  part  of 
the  radius  by  the  superficial  contents,  and  may  be  represented  by  the  for- 
mula I  (4*r  r  r  r)  =  |  (ftddd).  The  relative  contents  of  two  spheres  of 
vBeqnal  magnitudes  are  to  each  other  as  tlie  cubes  of  their  diameters,  or  as 
their  diameters  three  times  multiplied  by  themselves. 

It  appears  desirable  to  give  some  examples  illustrative  of  the  foregoing 
statements  in  reference  to  the  circle  and  the  sphere,  and  we  adopt  for  both 
a  diameter  of  twelve  inches : — 

Diameter  =  12  inches. 

Semi-diameter  =  r  =  6  inches. 

Circumference  =  12  X  *c  =  12  X  814  =  37-6  inches. 

Area  of  the  circle  =  rxrXrt  =  6x6x  8-14  =  118  square  inches. 

Superficies  of  the  sphere  =  4 X  (rX  rX ')  =  4x  118=452  square 
indtes. 

Cubic  contents  of  the  sphere  ==  (^  x  r)  X  4  (rX  r X  ')  =  2  X  422  = 
90i  cubic  inches. 

The  soperfidal  contents  of  a  sphere  of  6  inches  diameter  and  one  of  12 
ioebes  diameter  are,  according  to  the  above  rule,  as  6  X  6  to  12  X  12,  or  as 
M  to  144,  and  their  cubic  contents  as6x  6x  6  =216,  to  12x  12  x  12  = 
1728. 

^^<:  Ellipse. 

13.  The  dlijMe  and  its  properties  are  much  less  generally  known  than 
the  circle.  This  is  also  a  figore  contained  by  a  curve  line,  which  is  pro- 
duced in  the  manner  following :— Suppose  two  pegs  fixed  on  a  plane  (fig.  0.) 
A  thread,  longer  than  the  ^stance  between  Uie 
pegs,  is  fiistenal  by  one  end  to  the  first  peg,  and 
by  the  other  to  the  second  peg.  If  we  now  stretch 
the  thread  by  means  of  a  lead-pencil  and  draw  a 
Hne  around  Uie  two  pegs  as  wide  as  the  stretched 

thread  will  allow,  we  describe  an  oval  figure  which  

is  called  an  eRipse.  9 

This  figure  nas  a  long  axis  a  h  (fig.  10) ;  and 
perpendicular  to  this  a  short  axis  d  e,  passing  through  the  centre  c.     The 
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two  points  S  S'  are  called  the  foci  of  the  ellipse ;  also,  as  is  evident  from 
the  coDRtruction  of  the  figure/anj  two  lines  drawn 
from  the  two  foci,  to  any  point  of  the  circumfe- 
rence, for  instance,  S  m  and  S'  m  or  S  m'  and  S'  m', 
&c.,  which  represent  the  thread  when  the  pencil 
is  at  m  or  m',  are  together  equal  to  the  larger 
axis  of  the  ellipse.  These  lines,  and  we  may  ima- 
gine an  infinite  namber  of  such,  are  called  radii 
vectores.  The  distance  of  the  foci  S  or  S'  from  the 
centre  c,  is  called  the  eccentricity  of  the  ellipse. 
It  is  evident  that  the  smaller  the  eccentricity  is, 

the  nearer  the  figure  approaches  to  that  of  the  circle.     The  superficies  of 

the  ellipse  is  found  by  multiplying  the  two  half  axes,  a  c  and  d  c,  by  each 

other,  and  this  product  by  the  number  3-14. 

The  ellipse  has  special  claims  on  our  attention,  inasmuch  as  it  is  the  path 

described  by  most  of  the  heavenly  bodies,  as,  for  example,  that  of  the 

earth,  which  is  nothing  but  an  ellipse. 

Parabola. 

14.  Another  curved  line,  having  peculiar  properties,  is  the  parabola. 
This  figure  is  m  ^st  easily  represented  by  the  aid  of 
a  cone,  by  which  also  several  other  curved  lines, 
commonly  called  conicid  sections,  may  be  repre- 
sented. Thus,  if  we  make  diagonal  sections  of  a 
cone  parallel  to  the  base,  as,  for  example,  a  &,  we 
obtain  only  circular  planes ;  but  on  the  other  hand, 
oblique  sections  through  both  sides  of  the  cone,  as 
a  c  and  a  d,  form  ellipses.  If  the  cone  is  cut  by 
a  plane  parallel  to  one  of  its  sides,  as  in  a  e  and 
m  n,  the  plane  obtained  is  circumscribed  by  an 
entirely  different  curved  line,  namely,  a  parahoUif 

the  peculiarity  of  which  consists  in  the  fact  of  its  ends  never  meeting,  as 
in  the  circle  and  the  ellipse,  but  continually  becoming  more  distant  from 
each  other,  even  if  continued  ad  infinitum. 

The  orbits  of  some  of  the  heavenly  bodies  are  parabolas ;  as,  for  example, 
those  of  several  of  the  comets,  which,  consequently,  can  never  appear  again, 
unless  in  the  lapse  of  time  they  alter  their  direction. 

Mensuration. 

15.  By  Mensuration  is  understood  the  most  accurate  division  of  any  line, 
surface,  or  space  by  a  given  measure.  The  result  of  mensuration  informs 
US  how  many  times  this  measure  is  contained  in  the  object  to  be  measured. 

In  the  Physical  portion  of  this  work  (§  7)  we  have  given  a  comparative 
view  of  the  smaller  measures  of  length,  and  have  assum^  the  meter  as  unit 
This  measure  is  obtained  when  the  fourth  part  of  a  great  circle,  the  plane 
of  which  cuts  the  earth  at  the  poles,  is  divided  into  ten  millions  of  equal 
parts.  This  measure  bears  to  the  English  imperial  yard  the  relation  of — 
Meter.  Yard. 

1-  =  1093683 

0-91438848  =  l- 
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AgBon,  the  oinnunferenoe  of  the  earth  at  the  equator  ia  divided  into  360 

degrees. 

Distance — Diagonal  Scale. 

16.  If  we  suppose  one  definite  point  in  space  determined,  then  every 
other  point  is  distant  from  that  assumed  point ;  and  the  straight  line  which 
can  be  drawn,  or  which  may  be  imagined  to  be  drawn,  from  the  one  point  to 
the  other,  is  called  the  shortest  distance,  or  simply  their  dutance,  ,  As  i^paee 
is  honndloflSj-He  measure  and  no  nuotber  esir  Hunt  distenoe. 

We  speak  of  commejuurable  and  incommenmrahle  distances.  The  first 
are  such  as  we  can  either  measure  directly  by  the  application  of  a  measuring 
instrument,  or  by  calculation ;  and  different  measures  or  scales  are  employed, 
according  to  the  magnitude  to  be  measured.  Thus  we  express  the  distances 
of  the  heaveus  by  the  distances  of  the  stars,  of  the  sun,  and  by  the  semi 
diameter  of  the  earth.  We  measure  the  surface 
of  the  earth  by  degrees,  miles,  rods,  &c.,  and 
objects  of  less  extent  by  feet,  inches,  and  lines. 

Incommensurable  distances  are  such  as  we  can 
ndther  determine  by  our  senses  nor  by  our  instru- 
ments. For  example,  we  say  that  the  distance 
between  one  atom  and  another  is  incommensura- 
bly  small,  and  the  distances  of  most  of  the  fixed 
stars  and  of  the  Milky  Way  incommensurably 
great.  y. 

All  distaQc^iK^reater  than  the  eye  of  sense  can 
reach  we  bring^ithin  the  range  of  our  spiritual 

optics  by  the  powers  of  imagination.     But  some- 

tio3es  even  these  are  insufficient,  for  the  enormous 

distances  of  the  heavenly  bodies  are  beyond  the 

sphere  of  imaginative  power. 
In  such  cases  the  diagonal  scale  (fig.  12)  is  an 

essential  means  in  aiding  the  imagination,  since 

by  the  use  of  this  instrument  we  can  make  dia- 
grams which  represent  the  same  ratios  upon  a 

place  which  can  easily  be  seen. 
In  this  instrument,  constructed  on  mathemati- 

al  principles,  the  lines  A  B,  B  C,  &c.,  represent 

given  spaces,  as  miles ;  A  B  is  divided  by  ten 

parallel  lines  into  tenths  of  a  mile,  and  from 

these  points,  1^  2,  8,  4,  &c.,  lines  are  drawn  to 

the  right  hand,  diagonally,  to  A',  B',  intersect  the 

parallels  1',  2',  3',  4',  &c.,  in  such  a  manner,  that 

6om  every  tenth  of  a  mile,  again  the  tenth  part 

is  marked  off.     The  marked-off  section  amounts 

to  Jj  upon  the  parallel  1',  j%  upon  2',  to  y«^  upon 

3',  to  i^Q  upon  9',  so  that  by  means  of  a  compass, 

toy  magnitude  required  may  be  measured  in  miles, 

tenths,  and  hundredths  of  miles.     For  examplci 

^  miles,  or  2*25,  is  laid  down  from  the  scale,  thus — place  the  one  point  of 

toe  compasses  at  Z,  and  extend  the  other  to  the  point  of  intersection  of  the 


A 

10 

9 
8 
7 

' 

3 

t; 

u 

1 

rrr 

1 

C 

n 

- 

p 

su 

""■ 

n 

— 

— 

>. 

^" 

— 

— 

— 

— 

— 

*"■ 

^— 

— 

— 

— 

_ 

6 
4 
3 

m. 

— 

— 

— 

— 

^ 

■~ 

■~ 

— ' 

— 

— 

— 

™" 

■~ 

' — 

— 

— 

— 

- 

= 

' 

^ 

— 

-_ 

L^ 

- 

-^ 

_ 

B 
0 
B 

— 

— 

— 1 

p- 

— 

_> 

B 

/ 
C 

/ 
D 

y 
l£ 

z 

J 

12. 


150  ASTROirOMT. 

diagonal  8,  and  the  parallel  5'  a4  Z',  and  ihe  space  between  the  points  of 
the  compasses  corresponds  exaotlj  to  two  entire  miles  two  tenths  and  five 
hundredth  parts.  A  diagonal  scale  of  this  description  is  frequently  appended 
to  the  bottom  of  the  instrument  called  the  protractor,  as  in  fig.  5. 

^^'       Anqlb  of  Vision — Apparent  and  Agtital  Magnitude. 

17.  In  our  Physical  section  we  have  shown  that  from  eyery  object  that 
we  see,  rays  of  light  penetrate  the  eye  and  form  an  image  of  the  object  upon 
the  inner  coating  (J:wiica  reticulata)  of  this  organ;  on  the  magnitude  of 
this  image,  made  perceptible  to  us  through  the  optie  nerve,  the  appareak 
magnitude  of  the  object  depends.  Let  us  suppose,  for  example,  lines  drawa 
from  the  two  extremities  a  b  (fig.  13)  of  an  image  formed  on  the  reUoa 

corresponding  to  the  object,  these  lines 
intersect  each  other,  and  form  the  Tisual 
or  optic  angle,  whose  magnitude  is  de- 
pendent on  that  of  the  image  on  the 
retina.  It  may,  therefore,  be  said  that 
the  apparent  magnitude  of  an  object  is 
expressed  by  the  magnitude  of  the  angle 
of  vision  under  which  it  appears.  It  is 
a  general  rule,  that  the  greater  the  visual 
angle  the  greater  is  the  apparent  magnitude  of  an  object. 

The  magnitude  of  the  angle  of  vision  evidently  depends  on  two  things 
the  first  is  the  actual  size  of  the  object,  and  the  second  is  its  distance  from 
the  eye.  And  in  reference  to  the  latter  this  law  is  prevalent,  vis.,  that  the 
angle  of  vision,  under  which  an  object  is  seen  within  certain  limits,  decreases 
wiUi  the  increase  of  the  distance  of  the  object.  The  same  object  at  double 
the  distance  will  appear  to  have  only  half,  and  at  three  times  the  distance 
only  a  third  of  the  magnitwde  which  it  has  in  the  single  distance. 

For  the  same  reason,  the  trees  of  two  parallel  rows  appear  to  approximate 
more  and  more  according  to  their  remoteness,  because  their  relative  distance 
appears  to  the  eye  under  a  smaller  angle.  Illusions  of  different  kiods 
depend  on  thb  principle ;  and  we  have  only  by  experience  gradually  acquired 
the  habit  of  determining  the  distance  of  known  objects  by  their  apparent 
magnitude.  In  the  twilight,  or  in  a  fog,  which  renders  the  outlines  of 
objects  indistinct,  a  distant  church  steeple  or  a  tree  may  easily  be  mistaken 
for  a  man  close  to  us,  or  vice  versdj  because  the  angle  of  vision  of  the  lofty 
but  distant  object  may  appear  the  same  as  that  of  an  object  which  is  of  less 
height,  but  nearer  to  the  observer. 

Two  consequences  can  be  deduced  from  the  foregoing  principle,  of  the 
utmost  importance  in  the  science  of  astronomy,  namely,  fint,  when  the  appa- 
rent magnitude  and  the  distance  of  an  object  are  known,  its  ^^actual  magni- 
tude can  be  determined ;  and,  second,  when  the  actual  and  apparent  magni- 
tudes of  a  body  are  determined,  the  distance  of  the  body  itself  can  be  asce^ 
tained. 

Determination  op  Distance. 

18.  Only  short  distances  are  in  general  measured  by  actual  measurement 
with  a  rule  or  chain ;  consequently  there  is  no  necessity  for  explaining  this 
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f  iiMsmii^  » IheM  |iraelice>  are  aeldom  employod,  •▼tn  i&  menariiig 
_  )  distaiiocs  on  the  earth,  and  DOTer  apjdied  in  delermiBiiig  Hm  disiaooee 

of  the  heaveolj  bodies. 
Here  we  do  not  deal  with  diataaoes  mMmind,  Irat  rechoned.    For  this 

pmpose  we  require  from  geometry 

•ome  priociples  r^arding  the  aimi- 

hrity  of  triaDgles,  and  a  few  laws 

ntMii  trigonometry. 
In  fig.  14,  we  perceive  between  the 

■des  A  o  and  B  o  of  the  angle  Oy  the 

parallel  lines  a  by  of  b',  &c.     It  is 

evident  that  these  lines  are  the  longer 

the  &rther  they  are  distant  from  the 

angle  o,  and  it  ean  be  {ttoved  that 

a'  £^  is  as  many  tames  longer  than  ab,  m  o  </  is  longer  than  o  c,  and  as 


iyi»  ^0 
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many  times  as  o  a'  is  longer  than  o  a,  and  as  many  times  as  o  &'  is  ! 
than  o  b.  The  same  remarks  apply  to  all  the  other  drawn  or  imaginary 
purallels  between  the  sides  o  A  and  o  ^  io  relation  to  a  6,  or  between  any 
two  of  these  parallels.  Thns  a^  b*  is  as  many  times  longer  than  a'  b^y  as 
oc^iB  longer  than  o  a',  &c. 

This  simple  principle  is  applicable  to  the  mensuration  of  perpendicular 
fistanees  or  heights,  as  well  as  of  horizontal  distances.     For  example — 

Let  o^  ^  (pg,  15)  be  a  tower,  the  height  of  which  is  to  be  ascertained. 
We  first  measure  accurately  a  good  ground  or  base  line  b"  Oy  then  set  up  a 
staff  a  by  over  the  top  of  which  the  eye  can 
see  the  summit  of  the  tower  c^\  Let  a 
second  stsff  a'  b',  be  so  placed  between  the 
tower  and  the  observer  that  its  top  a'  may 
appear  to  the  eye  in  a  straight  line  with  a". 
By  drawing  a  line  connecting  these  four  points, 
eT,  </y  a,  Oy  we  obtain  a  diagram  correspond- 
mg  exactly  to  fig.  14,  and  from  the  above 
prineiple  it  follows  that  of'  b"  is  as  many  times 

ienger  than  a'  ^  as  6''  o  is  longer  than  V  o.  Suppose,  for  illustration,  that 
0^  ^  is  15  feet  high,  and  b'  o  80  feet  long,  then  must  also  a"  W  be  half  as 
kng  as  the  measured  base  line.  But  this  line  is  120  feet,  therefore  the 
hd^t  of  the  tower  is  60  feet 

By  the  length  of  the  shadows  thrown  by  two  objects,  we  can  ascertain 
the  height  of  the  objects  by  which  they  are  cast ;  and  this  affords  us  a  very 
ample  method  of  determining  the  altitude  of  objects.     For  example,  we 
measure  a  staff  fixed  in  the  ground  al  V  (fig.  15), 
and  also  ite  shadow;  we  then  measure  the  shadow      ^T^*--.. 
of  a  tower  W  o.     Hence,  so  many  times  as  the  staff 
is  longer  or  shorter  than  its  shadow,  so  many  times 
the  height  of  the  tower  longer  or  shorter  than  the 
length  of  its  shadow. 

We  apply  the  same  principle  with  suitable  modi- 
ieations  to  the  determination  of  the  mutual  distance 
of  two  points  (cd  b',  fig.  16),  which  we  cannot  mea- 
me  dneetly,  as,  for  instance,  when  a  wood  or  lake  intervenes.    In  this  ease 
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it. will  be  snfficieDt  to  ascertain  the  diatance  o  1/  m  order  to  determiBe  that 
of  a'  b'  as  well  as  a'  o.  Let  two  staffs  be  fixed  io  the  grouDd  at  the  point 
a  and  h,  which  are  in  the  same  straight  lines  with  of  and  6',  and  with  the 
eye  of  the  observer  at  o  ;  draw  a  h  parallel  with  of  b%  find  the  measore  of 
the  triangle  a  h  o,  then  as  many  times  as  o  6'  is  longer  than  o  b,  ao  maay 
times  is  a'  b'  longer  than  a  b^ 


Tbioonometrioal  Mensuration — (Measuring  of  Angles.) 

19.  We  oocasionally  find  on  certain  elevated  positions;  as^  for  example, 
on  the  tops  of  hills  and  moantains,  erections  of  wood  or  stone,  of  greater 
or  less  altitude,  and  an  inscription  sometimes  is  added,  importing  that  this  is 
a  trigonometrical  ttation.  It  is  generally  known  that  such  stations  are 
employed  to  survey  the  surface  of  the  oountry,  and  that  the  latter  is  by  this 
means  divided  into  a  number  of  triangles,  spread  out  like  a  net.  These 
triangles  being  measured,  their  sum  gives  the  contents  of  the  surface  sur- 
veyed. 

It  is  difficult  to  convey  to  the  uninitiated  in  mathematical  science  a  clear 
notion  of  the  process  whereby  these  surveys  are  made ;  we  will,  however^ 
endeavour  to  render  it  comprehensible. 

The  angle  A  (fig.  17)  is  contained  by  the  sides  A  B  and  A  O.     From  the 

extremity  B  of  the  side  A  B  let  a  perpendicular  B  0  fall  upon  the  side  A  O. 

The  line  A  B  is  supposed  to  be  of  an  unchangeable 

length,  and  hence  it  is  called  the  constant,  and  we 

assume  that  it  is  moveable  round  the  point  A.     We 

raise  the  constant  A  B  till  it  occupies,  for  example, 

the  position  A  B'.    Thus  we  see  that  both  the  angle 

at  A,  and  also  the  perpendicular,  let  fall  from  the 

extremities  of  the  constant,  must  increase.     The 

angle  B'  A  O  is  evidently  greater  than  B  A  O, 

and  B'  Qf  longer  than  B  0 ;  this  increasiug  line  is  called  the  sine  of  the 

given  angle  A. 

Again,  let  us  suppose  in  the  same  angle  A  (fig.  18),  that  the  side  A  O  is 
invariable,  and  on  the  end  0  erect  a  perpendicular  0  B,  and  extend  it  till  it 

cuts  the  other  side  A  B.  As  the  angle  at  A 
is  increased,  so  also  is  the  perpendicular, 
which  we  call  the  tangent  of  the  angle  A. 

We  hence  understand  that  the  sine  and  the 
tangent  are  two  lines,  which  bear  a  certain 
relation  to  a  given  angle,  and  increase  with 
the  enlargement  of  the  angle.  It  is  easy  to 
perceive  that  the  tangent  of  the  angle  A  is 
susceptible  of  a  much  greater  increment  than 
the  sine,  and  a  law  has  been  discovered,  and 
trigonometrical  tables  have  been  constructed,  in  which  the  proportion  of  the 
sine  and  tangent  to  the  constant  of  every  angle  is  given.  For  example,  if 
we  look  in  the  table  for  the  sine  of  the  angle  of  80%  we  find  the  number 
0*5  is  given :  that  is,  the  sine  of  this  angle  is  only  half  as  great  as  the 
constant 
.From  what  has  been  above  stated,  the  important  practical  application  is 
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dear,  vii .,  iiist  from  tbe  given  magnitade  of  an  tngle  and  one  ci  its  stdea, 
the  ane  or  Ibe  tangent  can  be  fbuod,  with  the  aid  of  the  trigonometrical 
tables,  as  may  be  thus  exemplified :  — 

Let  it  be  required  to  determine  the  height  oi  a  tower 
0  B  (i^.  19).  By  previous  admeasurement,  the  base 
A  0  is  found  to  be  480  feet,  and  tbe  aogle  A  85". 
0  B  is  the  tangent  of  the  angle  A,  which  by  the  tables 
b  equal  to  0.7 ;  that  is,  the  tangent  O  6  is  7-lOths  of 
the  c<Mistant  A  0,  and  1-lOth  of  480  being  equal  to 
43,  0  B  is  equal  to  7  X  48  =801  feet. 

Distance  and  Magnitude  op  the  Heavenly  Bodies. 

20.  The  methods  which  have  been  described  in  §  18  are  never  applied  to 
measore  vertical  or  hcmiontal  distances  on  the  suiface  of  the  eanh ;  trigo- 
Dometrical  calculations  are  always  employed.  These  last  are  tbe  only  means 
possible  for  ascertaining  the  distances  of  the  heavenly  bodies.  As  in  this 
esse  the  semi-diameter  of  the  earth  is  taken  as  the  base  line,  the  length  of 
this  most  fiist  be  determined,  which  is  done  in  the  following  manner : — Let 
OS  sappose  the  earth  to  be  represented  by  the  cirde  fig.  20,  and  two  observers 
bj  a  and  a',  being  distant  from  each  other  just  the  length  of 
the  arc  a  a'y  which  by  accurate  admeasurement  is  known  to 
be  138*2  miles.  Each  of  these  observers  simultaneously 
takes  notice  of  a  fixed  star,  perpendicularly  over  his  head  s  /, 
the  two  lines  drawn  from  the  star  to  the  observers  will,  if 
extended,  meet  in  the  earth's  centre  and  form  the  angle  c. 
We  cannot  measure  this  angle,  because  the  centre  of  the  earth 
IB  inaooessible,  the  distance,  however,  of  the  fixed  stars  from 
the  earth  is  so  excessively  great  that  it  makes  no  perceptible 
difference  whether  the  angle,  formed  by  the  lines  uniting  the 
tvo  stars  s  and  /  with  the  observer's  eye,  be  measured  from 
the  centre  or  from  a  point  <^  on  the  surface  of  the  earth.  To  employ  an 
iUustration  —  it  is  of  as  little  influence  as  if  a  mite  in  the  centre  or  on  the 
m&ee  of  a  millet-seed  were  to  look  at  the  summits  of  two  distant  moun- 
tains. Without  sensible  error,  we  therefore  assume  the  angle  c  to  be  equal 
to  ihe  angle  c^,  and  measure  the  ktter.  If  this  is  equal  to  two  degrees,  we 
know  that  the  arc  a  a',  equal  to  188^  miles,  stands  over  an  angle  of  two 
degree  and  consequently  that  69^^  miles  =  1^,  which  for  the  whole  cir- 
eofflference  of  the  earth,  amounting,  as  is  known,  to  860^,  is  860  X  69^ 
=  24,876,  or  more  correctly,  24,897  miles.  But  as  (§  11)  the  circumfer- 
ence of  a  circle  is  8  14  times  as  great  as  its  diameter,  the  diameter  of  the 

24897 
ttrth  is  consequently  ^  ,      =  7929. 

If  two  persons,  A  and  C  (^.  21),  firom  different  stations,  observe  the 
ttme  j>oint  M,  the  visual  lines  naturally 
laeet  m  the  point  M,  and  form  an  angle, 
vhich  is  called  the  angle  of  paraUcLX,  If 
Uie  eye  were  at  M,  this  angle  would  be  the 
Migle  of  vision,  or  the  angle  under  which 
the  base  line  A  C  of  the  two  observers  ap- 
pears to  the  eye.     Tho  angle  at  M  also  expresses  the  apparent  magnitude 
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oi  AG  when  viewed  from  M;  aod  this  apparent  magnitude  is  called  the 
parallax  of  M. 

Let  M  represent  the  moon,  C  the  centre  of  the  earth  represented  by  the 
circle,  then  A  C  is  the  parallax  of  the  moon ;  that  is,  the  apparent  magni- 
tude the  semi-diameter  of  the  earth  woold  have  if  seen  from  the  moon.  If 
the  moon  be  observed  at  the  same  time  frx>m  A,  being  then  in  the  hortabn, 
and  from  the  point  B,  being  then  in  the  senith,  and  the  visual  line  of  which 
when  extended  passes  through  the  centre  of  the  earth,  we  obtain,  by  uniiiiig 
the  points  A  C  M  by  lines,  the  triangle  ACM. 

Therefore,  as  A  M,  the  tangent  of  the  circle  (§  11),  stands  at  right  angles 
to  the  radius  A  C,  the  angle  at  A  is  a  right  angle,  and  the  magnitude  of  the 
angle  at  C  is  found  by  means  of  the  arc  A  B,  the  distance  of  the  two 
ob^rvers  from  each  other.  As  soon,  however,  as  we  are  acquainted  with 
the  magnitude  of  two  angles  of  a  triangle,  we  arrive  at  that  of  the  third, 
because  we  know  that  all  the  angles  of  a  triande  together  equal  two  right 
angles  (180^).  The  angle  at  M,  generally  caUed  the  moon's  paraUax,  is 
thus  found  to  be  56  minutes  and  58  seconds.  We  know  that  in  the  right- 
angled  triangle  M  A  C  the  measure  of  the  angle  M  =  56'  58",  and  also 
that  A  C,  the  semi-diameter  of  the  earth  =  3964  miles.  This  is  suffioient, 
in  order  by  trigonometiy,  to  obtain  the  lensth  of  the  side  M  C ;  that  is,  to 
find  the  moon's  distance  from  the  earth.     A  0  is  the  sine  of  the  angle  M, 

and  by  the  table  the  'sine  of  an  angle  of  56'  58''  b  equal  to^^^^^^;  or,  io 

other  words,  according  to  §  19,  if  we  divide  the  constant  M  C,  the  distance 
of  the  moon,  into  100,000  equal  parts,  the  sine  A  C  the  earth's  semi-diame- 
ter =  1652  of  these  parts.  And  this  last  quantity  being  contained  60 
limes  in  100,000,  the  distance  of  the  moon  from  the  earth  is  equal  to  60 
semi-diameters  of  the  earth,  or  60  X  3964  =  237,840  miles. 

In  a  similar  way  the  panillaz  of  the  sun  has  been  found  =  8",  6,  and  the 
distance  of  the  sun  from  the  earth  to  be  95,000,000  miles. 

22.  Having  ascertained  the  actoal  distance  of  the  sun  and  moon,  and 
their  apparent  magnitudes,  their  actual  magnitudes  may  be  thence  readily 
calculated.  Let  us  assume,  for  example,  A  C  (fig.  21),  to  be  the  moon's 
semi-diameter,  and  A  M  the  moon's  distance  from  the  earth,  then  A  C  wiU 
be  the  trigODometrical  tangent  of  the  angle  M,  if  we  make  A  M  the  con- 
stant But  now  it  has  been  found  by  observation  that  the  apparent  diameter 
of  the  moon,  or  the  angle  of  vision  under  which  it  is  seen  by  the  observer 
at  M  =  81'  16".  The  apparent  magnitude  of  the  semi-diameter  of  the 
moon  amounts  therefore  to  15'  38" ;  but  the  trigonometrical  tangent  of  an 
angle  of  15'  38"  stands  to  the  constant  as  454 :  100,000.     As  the  constant 

A  M  is  =  237,840  mUes,  we  obtain  for  A  C,  =  ^^^qqJ^^j  1080  miles, 

and  for  the  actual  diameter  of  the  moon,  which  is  equal  to  twice  A  C,  2160 
miles.  In  the  same  manner  we  calculate  from  the  apparent  diameter  of  the 
sun,  which  is  =  32'  0"  88-lOOth,  and  from  his  distance  the  actoal  diameter 
at  882,270  miles. 
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n.  GENERAL  ASTRONOMICAL  PHENOMENA. 

(A.)  THE  EARTH. 

FlGXTBX. 

23.  We  presuppose  ihe  reader  to  have  a  general  notion  of  the  spherical 
f<Hin  of  Uie  earth  and  heavenly  bodies,  and  of  then:  motions  in  space ;  we, 
therefore,  reserve  the  proofs  for  a  snbseqnent  portion  of  the  work. 

The  following  facts  are  confirmatory  of  the  spherical  form  of  the  earth. 
We  can  only  see  a  very  small  portion  of  its  surface  from  any  station  what- 
ever; if  the  earth  were  a  plane,  our  extent  of  view  would  not  be  so  limited 
s  in  ^t  it  is.  If  we  observe  a  ship  receding  £rom  our  sight  on  the  appa- 
rentlj  fiat  ocean,  the  first  part  which  disappears  is  the  hull,  and  lastly  the 
mstB  and  pennon.  An  exactly  similar  appearance  is  observed  when  a  per- 
son walb  up  and  over  a  hill,  his  feet  disappear  first  and  hb  hat  last,  and, 
vice  vendj  in  approaching  our  station  his  hat  appears  first.  Voyages  and 
tniTels  by  land  and  by  water  have  shown  indisputably  that  it  may  be  tra- 
velled or  sailed  round  by  constantly  proceeding  from  one  point  in  the  same 
(fiiecdoD,  and  that  the  traveller  will  at  last  arrive  at  the  very  place  whence 
be  set  out  on  his  journey.  We  farther  conclude,  from  the  circular  appear- 
snoe  of  the  earth's  shadow,  as  seen  in  a  lunar  eclipse,  that  the  body  casting 
this  shadow  is  spherical.  Finally,  by  actual  observation,  we  know  that  the 
other  heavenly  bodies  are  spheriod. 

Notwithstanding  the  sphericity  of  the  earth,  the  surface  appears  to  us  as 
a  plane,  this  appearance  being  a  consequence  of  its  great  extent.  Even  from 
the  tops  of  mountains  of  10,000  feet  in  height,  the  eye  can  survey  only  the 
14000th  part  of  the  earth's  surface,  and  hence  this  little  space  appears  as 
t  plane. 

Magnitude  op  the  Eakth. 

24.  It  has  been  already  shown,  §  20,  that  it  is  possible  to  measure  a  body 
^^^  of  so  great  magnitude  as  the  earth.  A  tabular  view  of  the  relative 
ten^trial  magnitudes  is  given  below. 

Biajneter  of  th«  earth  —  7,929  miles. 

(Hrcumference  »  24,807  miles. 

Superficial  oontents      ^         197,408,788  sqaare  miles. 
Solid  contODts  »  260,875,713,842  cubic  miles. 

It  is  evident  from  these  numbers,  that  the  elevations  on  the  surface  of  the 
cvth;  viz.,  the  mountains,  have  no  influence  at  all  open  its  general  figure. 
Indeed,  if  wc  suppose  that  the  earth  is  represented  by  a  globe  of  16  inches 
^iuneter,  the  highest  mountains  would  resemble  small  grains  of  sand  of 
rii  inch  in  height  attached  to  the  surface  of  this  globe. 

Division  of  the  Earth. 

25.  A  akittle-ball  rolling  upon  a  bowling-green  has  another  motion  in 
^dditioQ  to  that  of  the  course  it  follows.     We  perceive  that  the  grains  of 
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sand  adhering  to  its  surface  describe,  according  to  their  position,  smaller  or 
larger  circles  around  two  opposite  points  of  the  ball,  and  we  term  the  imagi- 
nary line  passing  through  the  centre  of  the  ball  and  these  points,  the  axis 
of  rotation,  or,  briefly,  the  axis  o^  the  ball. 

It  has  been  proved  that  the  earth  (fig.  22)  likewise  turns  round  an  ass, 
N  S;  the  two  extremities  of  which  are  named  the  Pole^.     The  one,  N,  is 

called    the  North  PoUy   and    the 
?T  other,  S,  the  South  Fole,  and  the 

great  circle  A  Q,  drawn  round  the 
globe  equally  distant  from  the  two 
poles,  is  called  the  Equator,  as  it 
divides  the  earth  into  two  equal 
parts,  viz.,  into  the  northern  aod 
southern  hemispheres. 

The  equator  is  divided  into  360 
equal  parts  or  degrees,  every  one  of 
which,  as  has  been  already  shown 
in  §  20,  is  ^^-^  miles  long.  "We 
may  imagine  a  circle  drawn  through 
each  of  these  divisions  round  the 
globe,  and  passing  through  the 
poles,  so  that  the  globe  appears  en- 
circled with  180  rings,  of  which  we 
here  can  only  represent  a  few — m 
80,  60,  90,  &c.,  These  vertical  circles  passing  through  the  equator  and 
the  two  poles  are  called  meridians,  and  of  course  have  all  the  same  magni- 
tude. At  the  equator  a  meridional  degree  is  69 y^  miles  long;  but,  as  is 
evident,  this  continually  diminishes  towards  the  poles,  where  they  all  meet 
In  reckoning  meridians  we  commence  at  a  certain  point  called  the  first  meri- 
dian, as,  for  instance,  at  A  (fig.  22),  which  was  formerly  on  the  ishind  of 
Ferro,  on  the  west  coast  of  Africa,  then  supposed  to  be  the  westernmost 
point  of  land.  In  England  the  meridional  degrees  are  calculated  from 
Greenwich. 

The  distance  of  any  meridian  from  the  first  meridian  is  termed  the  Longi- 
tude, and  it  is  employed  in  describing  the  situation  of  a  place  on  the  earth's 
surface.  Suppose  L  (fig.  22)  a  city,  its  longitude  will  be  30^,  since  it  b'es 
on  a  meridian  which  is  30^  from  the  first.  So,  for  example,  the  longitude  of 
Oporto  is  8^  37'  west,  Paris  2°  22'  east,  Vienna  16°  16'  east,  Bagdad  44° 
45'  east,  Surat  73"  7'  east,  Java  llO""  east,  M<Hi&i  lsLmkk^%W  «nt,  reck- 
oned from  the  meridiau  of  Greenwich,  and  so  on  until  we  return  to  the  first 
meridian,  or  the  point  where  we  began  to  reckon.  At  the  180th  degree  we 
have  proceeded  half  round  the  globe,  and  reached  the  fiirthest  distance  from 
the  first  meridian,  and  are  now  on  the  opposite  side  of  the  earth,  and  pro- 
ceeding farther  we  ultimately  arrive  at  the  point  whence  we  started. 

'<  It  will  readily  be  perceived  that  a  knowledge  of  the  longitude  alone  is 
not  sufiicient  to  determine  the  situation  of  a  place  on  the  earth's  surface. 
When  we  say,  for  example,  that  the  longitude  of  a  place  is  30*^,  it  may  lie 
on  any  point  whatever  of  the  whole  hemisphere,  N  L  S  (fig.  22).  This 
point  must  therefore  be  determined  more  accurately,  and  hence  the  first 
meridian  is  divided  into  90  equal  parts  north  and  south  of  the  equator 
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tewBids  die^les.  These  are  called  degrt^  ofUxtUMde^  and  the  lines  drawn 
ikrongh  these  round  the  globe,  parallel  to  the  equator,  are  called  circles  or 
parcSiek  of  latitude^  and  diminish  as  they  approach  the  poles. 

Hence,  by  the  latihide  of  a  place  we  mean  its  distance  ^m  the  equator 
towards  ^e  poles,  and  we  speak  of  north  and  south  latitude  according  as 
the  i^aoe  is  situated  in  the  northern  or  southern  hemisphere. 

So,  for  example,  the  point  L  (fig.  22),  which  has  dO""  longitude  and  60^ 
Borth  latitude,  is  in  Sweden. 

For  greater  preciffion,  these  degrees  of  latitude  and  longitude  are  farther 
divided  into  minutes  and  seconds.  These  divisions  of  the  earth's  surface 
are  made  very  intelligible  by  means  of  a  ball,  whereon  the  principal  lines 
above  mentioned  and  the  outlines  of  the  continents,  as  well  as  some  of  the 
■Oft  important  places  are  marked.  An  arrangement  of  this  description  is 
eall^  a  terrettrial  globe. 

By  way  of  example  we  give  the  longitudes  and  latitudes  of  several  places 
in  the  following  table : — 


Placi. 


London 

Atbens  

An^org 

Beriin  « 

Cologne 

ConsUntinople 

DuiSBtadt 

Fraakfort-Mi-the-Maine . . 

Gottingea 

H&ffib«Tg 

Konigslmrg  

LeipRg - 

Mtanheim 

Mnnieh 

l/ftois.. 

i    Petcrs^rg 

Prague 

/^me 

Rigm  

StrdMmd 

Vienna < 

Worms  ' 


Longitude  firom 
London. 


0« 
28 
10 
18 

6 
28 

8 

7 

9 

9 
20 
11 

2 
11 

2 
80 
14 
12 
28 
28 
16 

7 


52 
17 
26 
29 
58 

9 
56 
80 
82 

4 
56 

1 

8 
26 
19 
15 
82 
41 

6 
28 
55 


East 


Longitude  from 
yerro. 


North  Lntitude. 


180 

41 
28 
81 
24 
46 
26 
26 
27 
27 
88 
80 
20 
29 
20 
47 
82 
40 
41 
41 
84 
26 


6' 
82 
88 

8 
85 
86 
15 

1 
86 
88 
10 

1 

7 
14 

0 
59 

5 
88 
47 
12 

2 

1 


510  81' 
88    5 


48 
52 
50 
41 
49 
50 
51 
53 


21 
81 
15 

1 
50 

7 

82 
88 


K 


54   48 
51   20 


49 
48 
48 
59 
59 
41 
56 
54 
48 
49 


29 
8 
50 
56 
5 
54 
57 
19 
12 
88 


(B.)  DIVISION  OF  THE  HEAVENS. 

•  27.  The  earth  is  the  station  from  which  the  eye  of  man  beholds  the  Uni- 
ferse.  We  might  presnme,  without  any  precise  knowledge  of  astronomy, 
that  many  things  would  appear  under  a  different  aspect  if  the  eye  beheld 
tbem  from  ihe  moon  or  the  sun,  or  from  one  of  the  most  distant  stars. 
Tberefbre,  we  must  divide  the  firmament  surrounding  us,  and  define  the  par- 
ticular points.  Hues,  and  spaces  in  the  same,  without  which  it  would  not  be 
poflnble  to  describe  the  phenomena  occurring  in  it  with  any  degree  of  pre- 
dfion. 
The  spherical  form  of  the  earth  does  not  admit  of  a  top  and  a  bottom, 
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and  heooe  every  obeerrer  asrames  that  his  station  is  the  highest    Let  us 

suppose,  for  example,  that  we  are  stationed 
on  the  point  o  of  the  earUi's  surface  (fig. 
23) ;  an  inhabitant  on  the  opposite  point  is 
under  our  feet;  but  an  inhabitant  of  the 
earth  at  o'  would  have  as  good  a  reason  for 
eonsidering  himself  as  over  us. 

From  the  station  of  the  observer  at  o  let 
a  line  be  drawn  perpendicularly;  if  this 
line  be  prolonged  indefinitely  through  the 
centre  c  of  the  earth  to  the  point  Z,  which 
is  over  the  observer's  head,  and  to  the  op- 
posite pcont  Z',  the  former  Z  will  represent 
the  zenithf  and  the  opposite  point  Z'  the 
nadir  of  the  observer. 
Let  us  suppose  one  of  the  heavenly  bodies,  for  example  the  sun,  in  the 

station  Z,  we  say  that  such  body  is  in  the  senith  of  the  observer  at  o.     Bat 

the  heavenly  bodies  at  the  nadir  Z'  cannot,  of  course^  be  seen  at  the  same 

time  by  the  observer. 

28.  If  we  look  from  o  on  the  stany  vault  of  heaven,  the  stars  glittering 
in  it  appear  to  the  eye  as  if  all  were  equally  distant.  We  have  an  impres- 
sion of  being  surrounded  by  an  enormous  dome,  on  the  inner  ceiling  of 
which  the  stars  appear  to  be  attached.  The  apparent  firmament  which  sor- 
rounds  the  earth  is  represented  by  Z  H'  Z'  H  Z,  and  the  distance  from  o  to 
Z  is  to  be  assumed  as  infinitely  great  It  is  further  to  be  noticed  thai,  in 
consequence  of  an  optical  deception,  the  concave  heavens  do  not  appear 
hemispherical,  but  rather  flattened,  as  the  dotted  line  indicates. 

Apparent  and  Ebal  Horizon. 

29.  If  the  observer,  instead  of  surveying  the  firmament  above  him,  looks 
around  over  the  surface  of  the  earth,  he  appears  to  be  bounded  on  all  sides 
by  a  circle,  of  which  he  himself  is  in  the  centre.  This  appearance  is  repre- 
sented more  completely  when  the  point  of  observation  is  on  the  smooth, 
open  sea,  or  on  an  elevated  point,  as  the  summit  of  a  mountain.  The  cuxsle 
which  limits  the  view  on  all  sides  is  called  the  visibley  or  apparent  Tiortzon^ 
and  meets,  and  apparently  supports,  the  vaulted  arch  of  the  heavens,  which 
seems  to  rest  thereon.  It  has  already  been  stated  that  the  eye  cannot  see 
more  than  1400th  part  of  the  earth's  surface  from  the  top  of  a  mountain 
10,000  feet  high,  and  from  a  height  of  25,000  feet,  the  CTeatest  elevation 
yet  reached  by  man,  the  semi-diiumeter  of  the  circle  of  vision  amounts  to 
198  miles. 

From  the  summit  of  a  mountain  (fig.  24),  at  the  base  of  a  tower,  we  per- 
ceive the  distant  point  P  as  distinctl j 
as  from  the  top  of  the  tower.  The 
altitude  of  the  latter  is  too  little  to 
have  any  perceptible  efiect  on  the 
appearance  of  a  far-distant  object,  or 
to  extend  the  range  of  our  vision. 
For  observing  proximate  objects,  the 

heisht  of  the  tower  has  an  influence,  as  is  proved  by  the  point  P,  hieing 

visible  from  the  top  of  the  tower,  but  not  from  its  base. 
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The  djetanoe  €i  the  oearest  of  the  heavenly  bodies  from  the  earth  is  so 
eBormouslj  great  that  it  is  immaterial  i^m  whatever  part  of  the  earth,  , 
whether  from  its  surface  or  £rom  its  ceDtre,  thej  be  observed.  The  semi- 
diameter  of  the  earth  o  c  (fig.  23)  is,  compared  with  those  immense  dis- 
taocesi,  ao  insignificant  magnitude ;  and  it  is  certain  that  an  observer,  whom 
we  may  suppose  to  be  stationed  at  the  centre  of  the  earth  e,  can  see  no  larger 
a  portion  of  the  heavens,  than  he  who  is  situated  on  its  sur&ce  at  o.  In- 
deed, a  star  at  H'  is  just  as  visible  from  o  as  from  c,  hence  a  plane  H'  c  H, 
which  cuts  the  earth  through  the  centre  perpendicularly  to  another,  cutting 
the  earth  through  the  aeniUi  and  nadir  (Z  Z')  of  the  observer  at  o,  will  be 
the  true  horizon  of  the  observe  at  o.  This  plane,  which  divides  the  hea- 
ymim  into  two  equal  portions,  the  one  above  and  the  other  below  the  horiEon, 
is  the  horizon  of  Astronomy.  It  is  evident  that  objects  below  the  horizon 
are  invisible. 

Apparent  Motion  of  the  Heavenly  Bodies. 

30.  When  we  are  moved  or  carried  with  a  considerable  velocity,  as,  for 
example,  in  a  railway  carriage,  it  appears  to  us  that  all  the  objects  which  we 
pass,  contiguous  to  the  line  of  motion,  are  moving  rapidly  in  an  opposite 
direction.  That  this  motion  b  only  apparent  is  so  well  known  that  it  would 
snroely  deceive  a  child. 

We  daily  experience,  however,  a  similar  illusion,  in  consequence  of  the  ro- 
tatory motion  of  the  earth  around  its  axis.  It  appears  to  us  that  we  are  at 
rest  in  the  centre  of  the  vast  concavity  of  the  firmament,  which,  with  its 
stars,  seems  to  revolve  round  the  earth.  This  was  indeed  the  opinion  preva- 
lent for  thou^mds  of  years,  and  there  was  no  little  difficulty  in  establishing 
y^e  correct  view. 

We  shall,  however,  in  our  consideration  of  celestial  phenomena,  treat  the 
nhject  in  the  first  instance  as  if  the  earth  was  really  the  fixed  centre  of  the 
firmament.  Therefore,  whenever  the  rising  or  setting  of  the  sun  or  stars  forms 
Uie  subject  of  descripdon,  such  motions  are  to  be  understood  as  only  apparent 
Li  ocmimon  life  all  the  expressions  regarding  apparent  motion  have  been 
Ktained,  and  the  greater  part  of  Astronomy  consists,  as  it  were,  in  the  trans- 
lation of  apparent  celestial  phenomena  into  the  actual. 

31.  The  attentive  observation  of  the  starry  heavens,  even  during  a  single 
m^t,  will  convince  us  that  all  the  visible  stars  describe  circles  which  are 
tiie  smaller,  the  nearer  the  stars  are  to  a  certain 
poiDt  of  the  heavens  P  (fig.  25).  In  close 
proximity  to  this  point  there  is  a  tolerably 
bright  star  called  the  Pole  Star^  which  has 
sovoely  any  motion,  but  appears  to  the  eye  as 
always  occupying  the  same  position.  Hence  a 
Sue  PP'  drawn  from  this  star,  through  the 
centre  of  the  earth  e,  represents  the  axis  around 
which  all  the  heavenly  bodies  perform  their 
apparent  motions.  The  part  of  the  celestial 
axis  P  P'  passing  through  the  earth,  is  the 
earth's  axis;  the  north  pole,  of  which  jp  is  on 
the  same  side  as  the  pole  star,  and  the  south  25. 

pole  p'  is  on  the  opposite  side. 
We  have,  therefore,  by  the  aid  of  the  stars,  determined  the  position  of  the 
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earth's  axis,  and  by  this  latter  we  can  assign  to  the  equator  its  proper  place. 
For  if  pp'  be  the  earth's  axis,  a  ^'  is  the  greatest  circle  drawn  round  the 
earth,  equally  distant  from  both  poles,  and  the  plane  of  which  cuts  the  earth's 
axis  at  right  angles. 

Furthermore,  let  us  suppose  the  plane  of  the  equator  to  be  extended  till  it 
reach  the  celestial  concave ;  we  thus  find  the  place  of  the  celestial  equator  A  Q, 
or  equinoctial,  as  it  is  generally  termed  in  opposition  to  the  equator,  which 
always  means  the  terrestrial  equator.  The  equinoctial  divides  the  heavens 
into  the  northern  and  southern  hemispheres.  We  cannot  actually  describe 
the  equinoctial  and  make  it  visible,  but  we  can  imagine  its  line  of  direction 
by  observing  those  stars  through  which  it  passes. 

We  are  now  in  a  condition  to  assign  to  an  observer  different  stations  in 
relation  to  the  earth's  axis  on  the  earth's  surface,  which  will  essentially 
modify  the  aspects  under  which  celestial  phenomena  are  represented.  One 
of  these  stations  may  be  supposed  to  be  at  one  of  the  two  poles,  for  example, 
at  jp,  or  at  any  one  point  of  the  equator,  as  at  a,  or,  finally,  on  any  portion 
of  the  surface  of  the  earth  which  lies  between  the  pole  and  the  equator,  as, 
for  example,  o. 

As  the  last  is  the  station  naturally  occupied  by  most  observers,  and  by  all 
Europeans,  we  will  first  describe  the  phenomena  as  they  appear  to  an  obs^er 
placed  at  the  station  o  (fig.  25).  This  is  50^  from  the  north  polci  and  cor- 
responds to  the  latitude  of  Frankfort  and  Central  Germany. 

Diurnal  Phenomena. 

82.  If,  on  the  ^jM-March,  a  little  before  six  o'clock  in  the  morning,  we 
look  towards  the  brightest  part  of  the  horizon,  we  perceive  at  the  point  0 

(fig.  26),  the  min^  of  tbe  sun.  We  call 
the  exact  point  where  this  phenomenon 
occurs,  the  East,  and  that  point  W,  of  tbe 
horizon  directly  opposite,  and  distant  180*^ 
from  the  East,  we  call  the  West.  If  we 
turn  our  back  to  the  East  and  look  to  the 
West,  the  point  of  the  horizon  on  our  left, 
distant  90°  from  the  West,  is  the  South, 
H,  and  the  point  opposite,  on  the  right  is 
the  North,  H'. 

These  four  points  are  called  the  cardinal 
points,  and  the  straight  lines  which  unite 
two  opposite  cardinal  points  intersect  each 
other  at  right  angles  in  the  centre  of  the 
earth.  The  line  H  H'  which  unites  the  north  and  the  south  is  named  the 
meridian,     - » -  ^  '  '       - 

33.  The  rotation  of  the  earth  round  its  axis  is  in  the  direction  from  West 
to  East,  contrary  to  the  apparent  motion  of  the  sun  and  stars.  Consequently 
we  see  the  sun,  after  his  rising  at  #,  progressively  advancing  more  and  more 
in  the  direction  of  the  arrow  towards  the  meridian  in  an  arc  which  ^ttts-the- 
hofigqn  ig4hey)in»  of  the  angle  ft  A-W  (fig.  26),  which  is  called  an  ohligiie 
arc.  In  this  manner  the  sun  finally  reaches  the  highest  point  A  of  the 
heavens,  which  is  called  the  point  of  culmination^  and  the  time  at  which 


DIURNAL   PHENOMENA.  161 

tUs  ^tke$  idaee  is  ctlled  mid-day.  From  this  instant  we  perceive  the  sun 
progresang  in  the  direction  of  the  second  arrow,  descending  towards  the 
knioD,  and  disappearing  or  getting  in  the  west  point  W.  While  the  sun  is 
above  the  horizon^  his  dazzling  brightness  illumines  the  surface  of  the  earth 
and  the  atmosphere  above  the  observer,  in  such  a  manner  as  to  outshine  all 
the  other  heavenly  bodies,  and  to  render  them  invisible.  The  period  elapsing  ,, 
between  the  san's  ridiig  and  setting  we  call  dai/^  and  the  arc  ^  A  W,  which  - « 
the  8BB  describes,  tlie  diwmal  arc. 

As  8000  as  the  son  has  set,  the  day  is  terminated;  the  twilight  appears, 
»d  is  SBcoeeded  by  ni^t,  which  veils  the  earth  in  darkness.  The  concave 
vndt  of  hea^n  is  then  bespangled  with  the  gradually  emerging  stars,  some- 
times aeeompaaied  by  the  moon,  the  light  of  which  considerably  diminishes  ~>  i 
(hedaiiEBos  of  the  night.  The  arc  W  Q  ♦,  which  the  sun  describes  under  -^* 
the  hoEJuo,  is  named  his  nocturnal  arc.  At  Q  he  reaches  his  lowest  point, 
which  is  called  hia  in/^riar  culmination. 

The  time  which  the  sun  requires  in  this  manner  to  describe  his  apparent    • 
■otioQ  booL  0  to  A  W  Q,  and  back  again  to  d,  is  termed  a  mean  solar  day,   -* 
or,  briefly,  dayy  and  is  divided  into  24  hours.         ) 

By  iospeetiog  fig.  26,  we  perceive  that  the  sun's  course  through  the  diur- 
ittlud  noctnnial  ares  •  A  W  QO  on  the  Mat  of  March,  is  the  same  line     ^  ^ 
vUch  lie  already  (§  31)  have  described  as  the  equinoctial,  or  celestial  equa- 
tor; OD  this  day  the  sun  therefore  passes  through  the  equinoctial.     We  also     ^. 
loMw  that  the  diurnal  arc  #  A  W  is  equal  to  the  nocturnal  arc  W  Q  9,  and,    - '  ^ 
«OQseqiumtly,  that  both  day  and  night  have  an  equal  duration  of  12  hours 
odi.  The  period  when  this  phenomenon  occurs  is  called  the  vernal  equinox. 

The  doration  of  the  day  and  night,  it  is  well  known,  varies  considerably 
is  the  eoorse  of  the  year;  therefore  the  sun  during  the  whole  year  cannot 
>BauD  on  the  equinoctiaL  Some  weeks  after  the  vernal  equinox,  the  sun 
*ppean  to  the  observer  at  o  at  mid-day  some  considerable  distance  higher 
ibove  his  h(mson  H  H',  and  nearer  to  tlie  pole  P,  and  ho  continually  approz- 
{Bates  to  the  pole  till  the  21st  of  June,  when  he  reaches  his  greatest  alti- 
^  at  S',  which  is  then  23^^  above  the  equinoctial.  It  is  evident  that  on 
^day  the  diurnal  arc  described  by  the  sun  is  longer  than  his  nocturnal 
v*t  tad,  oousequenUy,  the  day  is  considerably  long^  than  the  night.  Thero- 
fne,  on  the  2l8t  of  June  we  have  the  longest  day,  and  the  sun  is  said  to  be 
io  the  ttmmer  solstice. 

From  this  day^  the  arcs  described  by  the  sun  again  gradually  approach  the 
^ipM)ctial  A  Q,  which  he  enters  on  the  22nd  of  September,  and  we  have 
^aio  equal  day  and  night,  or  the  aviumncd  equinox.  From  this  time,  the 
^''■^Km  distance  of  the  sun  from  the  equinoctial  gradually  increases,  his 
^^onuJ  arc  becomes  smaller  and  smaller,  and  the  days  consequently  shorter 
ttd  diorter,  till,  on  the  21st  of  December,  he  has  arrived  at  the  winter  sol- 
^  when  we  have  the  shortest  day.  From  this  point  the  sun  again  daily 
approaches  the  eauinoctial,  to  which  he  returns  on  the  9Mt  of  March. 

The  time  whicn  elapses  during  these  observations,  and  which  is  employed 
i^  the  son  in  ascending  from  the  equinoctial  to  the  highest  point  S',  and  in 
^^^csoding  to  the  lowest  point  S,  and,  finally,  again  entering  the  equinoctial, 
Q  named  a  year,  and  is  exactly  365  days,  5  hours,  48  minutes,  and  48 
seeoods. 

We  also  see  that  the  sun,  to  an  observer  at  o,  does  not  rise  and  set  every 
11 
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day  in  the  same  point  of  the  horizon,  but  that,  while  the  days  inorease,  tiie 
sun  rises  and  sets  at  a  point  more  northerly  towards  H',  and  more  towards 
the  south  H|  when  the  days  decrease.  The  point  0  where  the  snn  rises  at 
the  equinox  is  also  termed  the  vernal  point. 

The  Ecliptic. 

34.  From  what  has  been  previously  said,  it  is  evident  diat  the  sun  haa  a 
twofold  apparent  motion^  vis.^  a  circular  motion  obliquely  ascending  from 

the  horizon,  which  is  exphuned  by  the  rota- 
tion of  the  earth,  and  by  our  position  o  to  the 
earth's  axis  p  y,  and  also  by  a  rising  and  set- 
ting motion  between  the  solstitial  points  S  and 
S',  which  causes  the  inequality  of  the  days 
and  nights.  Independently  of  Uie  daily  mo- 
tion of  the  sun,  we  observe  that  at  the  sim- 
mer solstice  on  the  21st  of  June,  at  mid-day, 
the  sun  is  at  S',  and  one-half  year  later,  tu., 
^a  2^f  on  the  ^Ist  of  December,  at  midnight,  &e  s«n 
is  at  S;  from  which  he  arrives  again  in  the 
space  of  half  a  year  at  S';  so  we  are  able  to 
represent  this  annual  motion  of  the  sun,  by  a 
circle,  the  diameter  of  which  is  the  line  S' «.  This  cirole  is  called  the 
Ediptijc. 

The  plane  of  the  ecliptic  S'  s  cuts  the  plane  of  the  equinoctial  A  Q  at  an 
angle  of  28^^,  and  the  axis  of  the  ecliptic  S'"  ^'  makes  the  same  angle  with 
the  axis  of  the  heavens  P  P.  The  two  parallel  circles,  S'  /  and  S  s,  include 
a  zone,  extending  on  both  sides  of  the  equinoctial,  and  beyond  which  ^e 
sun  never  passes.  These  circles  are  called  the  Tropics,  from  ^p^icw,  /  tum^ 
because  the  sun  turns  back  at  these  points  and  again  approaches  the  eqm- 
noctial.  The  parallel  circles  S"  <^',  and  S'"  /''  described  by  the  poles  of  the 
ecliptic  S"  J'  about  the  celestial  poles  P  P,  are  called  the  two  linitfn  wii  lAa, 

NocTUENAii  Phenomena. 

35.  The  stars,  as  well  as  the  sun,  in  describing  their  courses  in  the  hea- 
vens, reach  an  upper  point  of  culmination  (S  A  S'  S",  fig.  27),  and  a  lower 
point,  which  is  situated  upon  the  opposite  side  of  the  celestial  sphere.  But 
we  can  actually  perceive  both  these  points  of  culmination  only  in  those  stars 
which,  as  S",  are  closer  to  the  pole,  P.  These  stars  never  set  to  us  ;  and 
in  the  vicinity  of  the  north  pole  they  may  be  seen  by  day,  for  example, 
when  the  sun  is  totally  eclipsed.  The  more  distant  stars,  S'  A  S,  complete 
their  daily  course  partly  under  the  horizon,  consequently ;  they  rise  and  set. 
Some,  which  are  very  remote  from  the  north  pole,  barely  rise  above  the 
horizon,  and  speedily  disappear.  Finally,  those  nearer  the  south  pole,  as 
S'",  describe  their  revolution  round  about  the  pole  without  being  at  any  time 
visible  to  the  observer  at  o.  We  never  find  the  fixed  stars,  like  the  sun,  chaagc 
their  position  relatively  to  the  equinoctial  and  the  poles.  A  star  on  the 
equinoctial  at  A  to-day,  will  describe,  every  following  night  of  the  entin 
year,  its  course  on  the  equinoctial ;  and  all  the  other  stars  are  subject  to  thii 
general  law,  for  example,  we  find  S  S'  8"  the  whole  year  through,  and,  a 
Uie  same  time,  always  in  the  same  relative  position. 
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36.  Very  different  celestial  phenomena  from  the  above-described,  are, 
kowever,  obeeryed  when  the  place  of  observation  is  at  the  equator,  or  at  one 
of  the  poles  of  the  earth.  If  we  suppose  our  station  to  be  at  the  north 
V^iP  (%  28),  the  pole  star  will  necessarily 
be  in  the  zenith  Z,  and  the  plane  of  the  hori- 
zon will  ooindde  with  that  of  the  equinoctial 
A  Q.  When  the  sun  is  above  the  horizon,  he 
describes  a  circle  round  the  horizon  without 
se^g.     The  stars  S  ff  likewise  describe  cir- 

des  whidi  are  parallel  to  each  other  and  to  the 

horizon  A  Q,  and  hence  to  the  observer  atp 

they  neither  rise  nor  set 
As  will  be  afterwards  shown,  the  sun  is  for 

half  the  year  constantly  above  the  horizon  of 

those  who  lire  in  the  vicinity  of  the  north  pole, 

and  the  day  is  consequently  six  months  long. 

The  night  which  follows  is  of  equal  duration,  the  sun  being  under  the  hori- 

ion,  and  then  the  sun  is  visible  at  the  souUi  pole  during  a  period  of  six 

mooths. 

37.  If  an  observer  is  pkoed  on  the  terrestrial  equator  at  the  point  a 
(%  29),  the  earth's  mspj/  being  extended,  its  extremities  will  lie  in  the 
horiBon  P  F   of  the  observer.    Whilst  the 

pofe  star  at  P  in  the  horizon  appears  immove- 
abAe,  all  the  other  stars,  for  example,  S,  S', 
Z,  8",  8"',  rise  in  a  perpendicukr  direction 
over  the  horison  P  P',  and  describe  semicircles 
mbcfve  it.  The  sun  also  there  rises  and  sets 
popeodiciilariy  to  the  horizon.  Henoe,  it  is 
evideiit  that  the  lengths  of  every  are  described 
abore  the  horizon  are  equal  to  those  described 
below  it;  ^erefore  at  the  equator  the  sun  and 
the  stars  are  visible  as  long  as  the  time  during 
which  they  are  invisible,  consequently  the  days 
and  ni^ts  have  an  equid  duration  of  12  hours. 

Polar  Altitude. 

38.  The  distance  of  the  north  pole  P  (fig.  30)  from  the  horizon  H'  of  an 
observer  is  called  ike  polar  altitude  of  the  ktter. 

So,  for  instance,  the  polar  altitude,  viz.,  the 
height  at  which  the  pole  star  at  P  appears  to 
an  observer  at  o,  is  expressed  both  by  the  are 
PH',  and  also  by  the  angle  PC H'. 

By  equatorial  altitude  is  meant  the  distance 
of  a  star  at  A  on  the  equinoctial  from  the  hori- 
loQ  H  <^  the  observer,  and  is. expressed  both 
bj  the  angle  A  0  H,  and  also  by  the  arc  A  H. 

The  arcs  of  the  polar  and  equatorial  altitudes 
of  one  and  the  same  place  make  together  always 
an  arc  of  90^,  that  is  a  quarter  of  a  circle,  or  a 
qnadiaot.     In  London,  for  example,  we  see  the  pole-star  is  elevated  to  an 
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angle  of  51^  80'  above  the  horizon,  whioh  elevation  we  call  its  altitude.  If 
we  subtract  this  number  from  90^,  we  find  that  38^  SO'  is  the  equatorial  alti- 
tude of  the  place.  Since  the  place  does  not  change  its  relative  position  oo 
the  surface  of  the  earth,  the  polar  altitude  remains  always  the  same,  that  is, 
the  pole-star  is  always  at  the  same  height  from  the  horizon. 

On  the  other  hand,  an  observer  can  change  his  position  on  the  earth.  If^ 
for  example,  he  advances  in  the  direction  from  o  top,  the  pole-star  b  more 

and  more  elevated  to  a  greater  height  above  his 
horizon,  or,  in  other  words,  the  polar  altitude 
of  Uie  observer  is  increased  in  Uie  same  ratio 
as  the  equatorial  altitude  is  diminished. 

If  he  reaches  p,  viz.,  the  nordi  pde,  his  polar 
altitude  is  90^,  and  the  pole-star  is  in  bis 
zenith,  whilst  the  equator  coincides  with  his 
horizon,  and  consequently  the  equatorial  alti- 
tude is  zero.    (See  fig.  28.) 

If,  on  the  contrary,  a  journey  be  made  in  an 
opposite  direction  from  o  towards  the  equator  a, 
the  pole-star  gradually  descends  towards  tiie 
horizon,  consequentlv  the  polar  altitude  oonti- 
nually  decreases  in  the  same  ratio  as  the  eqna> 
tonal  altitude  increases.  When  the  traveller  has  arrived  at  the  equator  a, 
the  polar  altitude  is  =  0^,  and  the  pole-star  appears  in  the  horizon,  whilst 
the  equinoctial  is  in  his  zenith.     (See  fig.  29.) 

It  is  easily  understood  that  the  polar  altitude  of  a  place  is  the  same  as 
we  have  already  explained  in  §  26  to  be  ite  kuitude,  namely,  the  distanoe 
of  the  place  from  the  equator. 

The  fact  that  the  poltur  altitude  of  a  star  increases  or  decreases,  according 
as  we  approach  the  equator,  or  the  north  pole,  is  a  striking  proof  of  the  sphe- 
rical form  of  the  earth. 


Altituds  or  thk  Sta&s. 

39.  By  the  altitude  of  a  star  we  understand  its  distance  from  the  horizon 
of  an  observer.     To  express  this  altitude,  vertical  circles  are  employed,  Z  R 

and  Z  R'  (fig.  32),  which  are  supposed  to  be 
g  drawn  from  the  zenith  through  the  stars  S  and 

S'  perpendicularly  to  the  horizon  H  H'.  The 
arcs  S  R  and  S'  R'  are  therefore  the  altitudes 
of  the  stars  S  and  S'  for  the  observer  at  o. 
,  The  arcs  S  Z  and  S'  Z,  which  with  the  altitudes 
JS  of  the  stars  S  and  S'  make  the  quadrant  or  90^, 
are  called  the  zenith  distance  of  these  stars. 

To  define  accurately  the  position  of  a  star  in 

reference  to  the  horizon,  the  whole  space  from 

H  south  to  H'  north,  is  divided  into  180^,  and 

the  distance  of  the  circles  of  altitude  of   a 

32,  star  from  the  south  point,  expressed  in  degrees, 

is  called  the  azimvih  of  this  star.     Thus  the 

azimuth  of  the  star  S  is  the  arc  R  H  =  120'',  that  of  S'  is  the  arc  R'  H 

=  150^.    All  stars  that  are  on  the  same  vertical  circle  have  evidently  the 
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nme  anmuyi ;  and,  aooordiog  to  the  side  of  the  heayens  on  whioh  the  star 
is,  the  azimn^  will  be  named  either  east  or  west. 

The  same  stir  will  appear  at  different  altitudes  if  observed  f^om  different 
poiotB  of  Uie  earth  at  the  same  time.  Consequently^  if  the  altitude  of  a  star 
It  a  given  {dace  and  time  is  known  by  a  voyager,  he  can,  from  the  altitude 
of  the  same  star  observed  from  another  place,  find  the  situation  of  the  posi- 
tion he  is  in.  The  determination  of  the  altitudes  of  the  heavenly  bodies  is 
of  the  utmost  importance  to  seafaring  men,  who  at  an  early  period  of  their 
ittes  are  trained  to  make  these  observations  with  accuracy  and  despatch. 


t 
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Meridian. 

40.  If  we  suppose  the  circle  Z  H'  Z'  H  Z  (fig.  33)  drawn  through  the 
lenith  Z,  and  the  nadir  Z'  of  the  observer  at  o,  and  also  through  the  celestial 
poles  P  and  P',  this  circle  will  represent  the  meridian  or  noon  circle  of  the 
observer  at  o.  This  circle  is  so  termed  from  the  circumstance  already  stated 
(§  33)  that  the  observer  has  mid-day  or  noon  when  the  sun  enters  it.  At  this 
moment  the  snn  reaches  his  highest  or  culminaling  point;  and  when  a  star, 
or  when  several  stars  (for  many  stars  may  be  supposed  on  the  arc  H  A  Z  P), 

appear  on  the  meridian,  we  name  this  their  point  of  culmination. 
In  the  diagram  (fig.  33)  the  meridian  is  the  only  one  of  the  celestial 

eirdes  which  lies  in  the  plane  of  the  paper,  while  the  horizon,  the  equinoc- 

da],  and  the  vertical  circles  are  to  be  imagined 

as  projecting  from  this  plane,  which  position  is 

not  easily  represented.     The  plane  of  the  meri- 

£an  cuts  the  horizon  of  the  observer  at  right 

angles  in  the  line  HH',  which  has  been  already 

described  (§  32)  as  the  meridianal  line.    And 

as  the  polar  altitude  and  the  horizon  are  difie- 

rent  for  every  place  on  the  earth's  surface,  so 

every  place  has  its  own  special  meridian. 

If,  for  instance,  the  observer  at  o,  while  con- 
templating the  aspect  of  the  nocturnal  starry 

firmament,  turns  his  baek  to  the  pole-star  P, 
and  looks  exactly  towards  the  south  point  H, 
he  has  thus  placed  himself  in  the  direction  of  his  own  meridian.  If  in  this 
position  he  observes  a  star  which  is  on  the  meridian,  this  star  by  the  rotation 
of  the  earth  after  some  time  will  not  remain  on  the  meridian,  but  appear  as 
proceeding  towards  the  West,  while  others  have  entered  the  meridian.  If 
the  time  cf  transit  of  a  star  through  the  meridian  has  been  noted  by  the 
observer,  he  will  find  it  on  the  meridian  again  exactly  24  hours  afterwards. 
On  an  artificial  celestial  globe  the  meridian  is  represented  by  a  brass  ring, 
in  which  the  globe  is  moveable. 

It  is  difiicult  to  determine  exactly  by  the  eye  the  precise  place  of  the 
Bieridian  in  the  heavens.  For  more  accurate  observations  a  telescope  is 
employed  which  is  moveable  around  its  small  axis,  so  carefully  adjusted  that 
its  longitudinal  axis  lies  in  the  direction  of  the  celestial  meridian.  Through 
this  instrument  the  stars  can  be  seen  only  during  their  transit  through  the 
ntendiao,  and  hence  an  instrument  of  this  kind  is  called  a  meridian  telescope 
or  transit  iostrament. 
ih  AU  the  lines  and  points  hitherto  named  give  the  station  of  a  star  only 
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for  a  definite  place  on  ihe  earth's  sur^Me.  For  the  determination  of  a  starts 
precise  position  in  the  heavens^  other  lines  are  drawn  which  always  preserve 
the  same  place  relative  to  the  same  star. 

The  equator  is  snch  a  line.     This  indicates  first  of  all  whether  a  star  ia 
on  the  northern  or  southern  hemisphere.    Through  the  equator,  commencing 

at  the  vernal  equinox  0, 180  circles  are  drawn 
which  divide  it  into  360^.  The  distance  of 
any  such  circle  from  the  point  O,  is  called  the 
right  agcennon  of  a  star  which  has  its  place  in 
that  circle.  For  example,  the  arc  O  D  of  30**, 
^  and  O  ly  of  60®,  are  the  right  ascensions  of 
"Jh  the  stars  S  and  S'. 

The  distance  of  a  star  from  the  equator  is 

called  its  declination,  which  is  either  North  or 

South.     The  arcs  D  S  and  D'  S'  express  the 

northern  declination  of  the  stars  S  S'.     Hence 

all  those  circles  drawn  through  the  equator, 

viz.,  P  D  F  and  P  D'  F  are  called  circles  of 

declination. 

It  may  hence  be  observed,  that  the  right  ascension  and  declination  of  a 

star  being  known,  its  position  on  the  celestial  globe  is  readily  found  in  the 

same  manner  as  nieces  are  found  on  the  terrestrial  globe  by  Uie  longitude 


and  latitude. 
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Celestial  Globe. 


42.  We  have  in  the  preceding  section  named  and  described  such  a  conside- 
rable number  of  points  and  lines,  that  it  appears  desirable  to  give  a  connected 
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m  qC  ^imb.  It  18  alwftjs  difficulty  and,  in  some  oaseSi  tmpotsible,  to  repre- 
nat  those  ponitB  and  Hoes  on  tbe  heavens,  without  some  saeh  aid  as  that 
fliicli  is  afforded  by  a  celestial  globe.  This  may  be  obtained  at  every  map- 
safler's  from  4  to  86  inches  in  diameter,  and  at  priees  varying,  aooording  to 
ike  sue  and  oonstraotion,  from  5s.  upwards;  and  though  the  larger  are  prefe- 
nlky  a  very  dear  apprehension  of  astronomical  phenomena  may  be  acquired 
froB  the  smaller-sised  globes. 

The  hast  oonstmction  of  a  celestial  globe  would  be  that  of  a  smaller  ball 
whieh  lepresents  the  earth,  surrounded  by  a  larger  hemisphere  representing 
the  concave  vault  of  heaven  on  which  the  stars  and  their  courses  might  be 
described.  Such  a  mechanical  contrivance  being  impracticable,  the  student 
is  to  remember  that  his  position  is  supposed  to  be  in  the  interior  of  the  globe 
opoa  a  small  terrestrial  globe. 

43.  Points  and  Lines  on  the  Celestial  Globe. 

Z  Zenith  of  the  Obserrer  (2  27).  A  H  Equatorial  Altitude  of  the  Observer 

P  North  Pole  (J  81).  (J  88). 

P' South  Pole.  P  V^  Celestial  Axis  (J  81). 

S^  Sooth  (2  82).  AQ  Equinoctial  (}  81). 

K  North.  HH^  Horizon  (J  29.) 

0  East.  e  K  EclipUc  ({  34). 
(West,  being  opposite,  is  invisible.)        S  Star. 

et  Northern  Tropic  of  Cancer  (J  84).  SR  Height  of  the  Star  (J  89). 

KE  Soothera  Tropic  of  Capricorn.  SZ  Zenith  distance  of  the  same  (J  89.) 

r'e' Northern  Arctic  Circle.  RH  Azimuth  of  the  same  ({  89). 

A^F  Southern  Arctic  Circle.  S  D  North  declination  of  the  same  ({  41). 

M  Meridian  of  the  Observer  (2  40).  DA  Right  ascension  of  the  same. 

T  Horary  Cirde  (2  152).  SP  Pdlar  distance  of  the  same. 
P  W  Polar  Altitude  of  the  Observer  (J88). 

The  celestial  globe  rests  in  the  first  plaoe  by  two  pivots  fixed  to  its  poles, 
PF,  in  a  brass  ring^  M,  which  represents  the  meridian  of  the  observer, 
and  which  is  about  half  a  line  distant  from  tbe  snrfaee  of  the  globe,  leaving 
it  just  sufficient  space  for  free  motion  round  its  axis. 

The  meridian  rests  in  suitable  notches  in  a  horizontal  frame  H  H'  and  in 
the  mpport  Y  which  allow  the  globe  as  required  to  be  placed  in  different 
positions  relative  to  the  horizon.  The  horizontal  ring  represents  the  true 
horison  ot  the  observer. 

From  the  point  A  of  the  equinoctial  A  Q,  the  meridian  is  divided  both  in 
Ae  direction  of  the  north  and  of  the  south  pole,  into  90^.  The  declination 
d  a  certain  star  is  found  on  the  meridian  by  bringing  it  under  tbe  meridian. 
In  like  manner  the  meridian  is  employed  to  place  the  globe  in  the  polar 
altitude  of  the  observer. 

The  horizon  is  divided  from  the  southern  point  S',  into  860^;  and  on  this 
the  azimuth  of  a  star  is  read  off. 

At  the  point  Z  of  the  meridian,  which  corresponds  to  the  zenith  of  the 
observer,  a  brass  quadrant  Z  R  can  be  screwed,  which  rises  from  the  horizon, 
i&d  is  divided  into  90^ :  from  this  the  altitude  and  zenith  distance  of  a  star 
is  read  off. 

Above  all  thinss  the  globe  must  be  placed  in  a  position  corresponding  to 
t^  Bttoation  of  me  observer  upon  the  earth;  that  is,  the  meridian  of  the 
HH',  must  be  in  the  meridional  line  of  the  observer,  and  the  pokr 
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altitude  P  H'  must  also  oorreepond  to  that  of  the  observer.  The  latter  is 
very  simple,  for  example,  aa  inhabitant  at  the  equator,  the  pokr  altitode  of 
which  is  =  0^  r§  37),  rectifies  the  globe,  so  that  both  the  poles,  P  F,  lie 
in  the  plane  of  the  equator.  In  the  neighborhood  of  London  the  globe  is 
to  be  placed  or  rectified,  so  that  the  arc  P  H',  the  height  of  the  pole  aboTe 
the  horizon,  may  be  51^  30'. 

We  determine  the  meridional  line  of  the  obseryer  by  the  oompass  which 
for  this  purpose  is  appended  to  every  large  globe.  For  example,  we  draw 
on  the  base  or  pedestal  of  the  globe  the  Une  mti  parallel  with  the  merityaa 
H  H'  of  the  globe,  and  place  on  this  line,  so  drawn,  the  magnetio  needle 
rs,  the  point  of  which  assumes  a  northerly  direction.  We  then  turn  the 
pedestal  of  the  globe  till  the  line  mn  coincides  with  the  needle.  It  has  been, 
however,  shown  in  our  Physical  section  (§  197),  that  the  direction  of  the 
needle  is  not  exactly  north,  but  varies  somewhat  from  it.  We  correct  this 
variation  of  the  needle  by  turning  the  pedestal  till  the  needle  makes  an  an^e 
with  the  line  mn  of  18^,  which  is  the  amount  of  the  westerly  variation  of 
the  needle ',  and  consequently  the  line  m  n  is  now  exactly  in  a  nortiierly 
direction,  and  is  parallel  with  the  meridian  H  H'. 

44.  Another  contrivance  appended  to  the  globe  is  the  horary  circle  T 
(fig.  35),  which  is  divided  into  24  equal  parts  or  hours,  corresponding  to  the 
24  hours  of  day  and  night.  The  horary  circle  is  immoveable,  but  through 
its  centre  passes  a  prolongation  of  the  axis  of  the  globe  to  which  an  index 
is  fastened,  and  which  passes  over  a  space  on  the  ring  as  soon  as  the  globe 
is  turned  round.  If  the  globe  makes  a  complete  rotadon,  and  therefore  tlie 
360  degrees  of  the  equator  pass  under  the  meridian,  the  index  also  describes 
the  whole  circle  of  24  hours,  consequently  the  globe  makes,  for  every  hour 
which  the  index  traverses,  a  rotation  of  15  degrees.  The  index,  however, 
is  not  of  the  same  piece  as  the  axis,  but  can  be  turned  round  it  by  means  of 
a  screw  or  other  suitable  contrivance  in  such  a  manner  that  the  hand  can  be 
pointed  to  any  number  of  the  horary  circle  without  at  the  same  time  taming 
the  globe.  The  importance  of  the  horary  circle  for  the  use  of  the  globe 
will  immediately  become  evident  by  its  application. 

After  the  globe  is  put  in  a  correct  position  in  relation  to  the  polar  altitude 
and  cardinal  points,  it  must  be  placed  in  a  situation  corresponding  to  the 
time  of  observation  in  reference  to  the  stars  which  are  then  visible.  This 
will  be  rendered  clear  by  the  following  observations : — Every  day  at  12 
o'clock  the  sun  stands  in  the  meridian  of  the  observer  (see  §  40),  hence  we 
first  bring  that  point  of  the  globe  under  the  brass  meridian  on  which  tJie 
sun  stanch  at  12  o'clock  at  noon.  This  point  is  of  course  situated  on  the 
ecliptic,  and  in  the  beginning  of  spring  on  the  21st  of  March  at  the  point 
whence  the  ecliptic  intersects  the  equator,  from  which  point  the  latter  is 
divided  into  360  degrees.  On  every  following  day  the  sun  travels  almost 
exactly  one  degree  farther,  as,  for  example,  after  the  lapse  of  204  dajrs,  that 
is  in  the  middle  of  October,  the  straight  ascension  of  the  sun  (§  41),  tl.  <t 
is  its  distance  from  the  vernal  point,  amounts  to  204  degree.  Lf,  therefoie, 
we  bring  this  degree  of  the  equator  under  the  meridian,  the  position  at 
which  the  latter  intersects  the  ecliptic  is  the  position  of  the  sun  at  mid-day. 

The  hand  of  the  horary  circle  is  now  placed  upon  the  one  number  12,  and 
the  globe  turned  round  till  the  hand  points  to  the  other  number  12,  making 
thus  half  a  revolution.    All  the  constellations  on  the  globe  have  now  the 
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pootion  which  the  stars  ooenpj  at  midnight  at  the  place  of  the  observer. 
For  oample,  we  thus  find  that  at  this  hour,  the  consteUation  of  Cassiopeia 
bin  the  meridiaiL  If  we  afterwards  tarn  the  globe  to  the  right  or  left,  the 
bud  cm  be  bioaght  upon  every  hour  desired  before  or  after  midnight,  in 
vludi  case  the  stars  then  visible  present  themselves  on  the  globe. 

Nnmeroos  problems  which  suggest  themselves  to  the  student,  or  which 
tie  foood  in  the  small  treatises  sold  by  ^e  mi^^^Uers,  may  be  solved  by  the 
aid  of  the  celestial  globe. 

In  the  oommenoement  there  is  some  little  difficulty  to  transfer  the  picture 
of  tbe  heavens  to  Uie  globe  and  vice  versd.  The  stadent  must  suppose  himself 
to  be  in  the  centre  of  the  globe,  and  from  thence  imagine  straight  lines 
dnvn  throogh  the  stars  which  are  refMresented  on  the  globe,  and  prolonged 
to  the  hiavens  ifh^e  &ey  will  reach  the  corresponding  stars. 

It  is  best  for  the  stadent  to  commence  his  observations  in  the  twilight  of 
ereniiig  or  on  mooolk^ht  n^hts,  because  then  the  larger  and  more  conspi* 
cooug  stais  only  are  visible,  so  that  he  is  not  confused  by  the  large  number 
of  stars  which  are  visible  on  dark  nights.  When  the  larger  stars  are  known, 
the  smaller  are  easily  found. 

iO  CLASSIFICATION  OP  THE  HEAVENLY  BODIES. 

45.  Of  all  the  celestial  bodies,  the  sun,  this  brilliant  star  of  day,  and  the 
mmn,  distinguished  by  the  changeableness  of  her  form,  merit  our  special 
ooBsideiition. 

These  two  celestial  bodies,  by  their  apparent  magnitude,  present  them- 
tthes  amoDgat  the  other  stars  as  universal  lords,  an  idea  which,  however 
lotig  it  may  have  prevailed,  has  been  materially  injured  by  the  observations 
of  astroDomy. 

Abo^  amongst  the  starsthemselves,  we  find  by  accurate  observation  many 
^foencca.  We  perceive  that  by  far  the  greater  number  of  the  stars  appear 
^  08  always  to  occupy  the  same  points  of  the  firmament,  when  we  observe 
^  at  the  same  stated  times ',  and  it  is  on  this  account  that  they  have 
KceiTed  the  name  of  Jixed  stars, 

S(Hae  stars  change  their  positions  in  the  heavens  so  remarkably,  that  at 
<^ite  periods  they  occupy  certidn  particular  positions,  being  sometimes  to 
be  8eeD  m  one,  sometimes  in  another  quarter  of  the  heavens :  these  were 
^Koce  Bamed  wandering  stars,  or  planets.  The  number  of  these  stars  or 
P^weta  at  present  known  is  only  upwards  of  thirty. 

Rally,  the  comets  are  still  more  remarkable,  both  by  their  being  accom- 
panied by  a  more  or  less  extended  luminous  appendage,  which  follows  the 
star  like  a  tail,  and  by  the  changes  of  position,  which  are  ^till  more  consi- 
^xs^  than  those  of  the  planets,  since  some  comets  often  suddenly  appear 
aad  again  disappear,  and  others  only  present  themselves  again  after  the 
^»e  rf  a  great  many  years. 

We  shall  commence  with  a  description  of  the  fixed  stars,  these  being  most 
UBportant  for  the  geography  of  the  heavens.  We  will  afterwards  explain 
fe  relation  of  the  earth  to  the  sun  and  moon  as  being  of  particular  import- 
wee  regarding  time  and  climate,  and,  finally,  through  the  study  of  the 
P^te  and  comets  pass  to  a  more  general  consideration  of  the  arrangement 
^  the  aniverse. 


J 
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Fixed  Stars. 


46.  By  successive  and  repeated  observations  of  the  fixed  stars,  with  the 
asssistance  of  the  globe  and  star  charts,  we  readily  acquire  a  facility  in  find- 
ing their  places  in  the  firmament.  We  observe,  furthermore,  that  these 
bodies,  otherwise  a  maze  of  complicity,  are  grouped  or  arranged  in  a  very 
definite  manner,  with  which  we  gradually  become  so  familiar,  that  the  least 
change  of  the  heavenly  bodies  cannot  escape  us. 

When  the  sun  disappears  below  the  horizon,  the  stars  appear  as  so  many 
sparkling  points,  dispersed  here  and  there,  through  the  spacious  firmament, 
during  the  continuance  of  twilight.  Their  number  is  increased  with  the 
increasing  darkness;  and,  by  the  assistance  of  a  telescope,  myriads  are 
observable  in  the  immense  incomprehensible  regions  of  space.  Places  which 
to  the  unassisted  eye  appear  only  like  nebulous  spots  or  streaks,  by  the  armed 
eye  are  dbtinctly  recognised  as  groups  of  countless  stars ;  and  the  MUky 
Way,  as  it  is  termed,  is  found  to  be  composed  of  countless  millions  of  such 
bodies. 

The  apparent  magnitude  of  the  stars  is  very  difierent  Whilst  some 
glisten  and  shine  with  a  lustre  which  far  surpasses  others,  some  can  scarcely 
be  recognised  as  luminous  points.  By  their  apparent  magnitudes,  as  visible 
to  the  unassisted  eye,  the  stars  are  divided  into  six  classes.  There  are  18 
stars  of  the  first  magnitude,  60  of  the  second,  200  of  the  third,  380  of  the 
fourth,  and  with  the  two  following  classes,  in  all  about  5,000 ;  of  telescopic 
stars  about  70,000  have  been  observed ;  and  from  reasons  which  cannot  be 
here  stated,  the  probable  number  of  stars  in  the  universe  is  estimated  at 
500,000  millions. 

The  fixed  stars  appear,  even  through  the  most  powerful  telescopes,  inva- 
riably as  small  luminous  points :  hence  we  may  judge  of  their  enormous 
distances.  This  is  confirmed  by  another  circumstance,  viz.,  that  two  stars 
of  proximate  mutual  distance  always  appear  to  us  equally  distant  from  what- 
ever part  of  the  earth's  orbit  they  may  be  observed.  Although  the  most 
distant  points  of  the  earth's  orbit  are  195  millions  of  miles  asunder,  it  is 
possible  to  ascertain,  with  certainty,  the  parallax  of  only  a  few  of  the  fixed 
stars ;  that  is,  the  angle  of  vision  under  which  the  -^ovi-diameter  of  the 
earth's  orbit  ^.WJ  millions  of  miles,  would  appear  to  an  eye  placed  on  one 
of  the  fixed  stars.  The  merit  of  the  greatest  exactness  in  determining  the 
parallax  of  the  fixed  stars  is  awarded  to  the  observations  of  the  renowned 
astronomer,  Bcssel,*  of  Kbnigsburg,  who  succeeded  in  ascertaining  the  paral- 
lax of  No.  61  in  the  constellation  of  the  Swnn )  which  is  found  to  be  0*3186 
second.  By  this, parallax  the  sun's  mean  distance  from  this  star,  61  of  the 
Swan,  is  calculated  to  be  nearly  62,672,712  millions  of  miles.  Light,  which 
moves  at  the  rate  of  195,000  miles  in  a  second,  would  require  10-j^  years 
to  pass  through  this  space  ]  and  a  locomotive  steam-engine,  which  travels  at 

*  Besself  the  Professor  of  Astronomy  at  Konigsburg,  was  bom  at  Minden  in  17S4, 
and  died  in  1846.  To  great  natural  powers  of  observation  he  united  the  rare  and 
profound  knowledge  of  theoretical  mathematics^  which  he  applied,  in  a  way  hitherto 
unknown,  to  the  reduction  of  errors  in  the  results  of  observations,  surpassing  in 
accuracy  all  that  had  been  accomplished  before  his  time.  In  this  respect  he  will 
be  regarded  as  an  example  to  the  astronomers  of  all  subsequent  ages. 
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the  rate  of  920  miles  per  day,  would  be  200  mUlions  of  years  in  reaching 
this  star. 

A  stellar  parallax,  greater  than  a  second,  has  not  yet  been  accurately 
determmed.  Hence  it  is  a  well-founded  assumption  that  the  nearest  of  the 
fixed  stars  is  200,000  times  farther  from  the  earUi  than  the  sun ;  conse- 
qnentlj,  about  19  billions  of  miles  is  the  assumed  distance  of  the  nearest 
fixed  star  from  the  earth. 

To  conceive  such  a  stellar  distance  surpasses  the  utmost  range  of  human 
uoiginatioD,  and  to  form  any  adequate  conception  of  this  enormous  extent 
of  space  is  utterly  impossible  3  but  we  may  approximate  to  a  somewhat  clear 
ipprebcnaioD  by  comparison.  Light,  as  above  stated,  moves  with  the  celerity 
of  195,000  miles  in  a  second ;  yet  three  years,  at  least,  would  elapse  ere 
light  from  the  nearest  of  the  fix^  stars  could  reach  the  earth. 

This  is  by  no  means  the  utmost  extent  of  the  distances  of  bodies  in  celes- 
^  space.  On  the  contrary,  it  has  been  assumed,  with  feasibility,  that  stars 
have  been  observed,  the  distances  of  which  amount  to  1^  million  times  that 
of  the  son,  and  the  light  from  which  would  be  many  years  in  reaching  our 
evth. 

It  may  naturally  be  assumed  that  bodies,  which  are  visible  at  such  incon- 
ttivable  distances,  are  also  of  enormously  great  magnitude ;  and  we  are  jus- 
tified in  assuming  that  none  of  the  fixed  stars  are  m  this  respect  inferior  to 
the  BOD,  and  that  most  of  them  surpass  him  in  magnitude. 

Stabs  visible  in  Eubope. 

47.  Etcd  in  the  earliest  ages  stars  that  appeared  to  be  in  close  proximity 
»ew  gronped  together,  and  by  the  aid  of  a  lively  fancy  their  outline  was  sup- 
po«d  to  resemble  certain  well-known  objects.  Hence  originated  the  names 
of  Ac  constellations.  The  seven  stars  of  the  Great  Bear  were  sometimes 
oiled  Charles's  Wain,  the  Plough  of  the  North,  &c.  In  most  of  the  con- 
'jellations,  however,  a  wide  field  is  left  to  the  imagination,  for  it  is  seldom 
^  we  are  enabled  to  discover  any  relation  between  the  outlines  of  the 
grcnps  and  their  names. 

48.  The  eye  directed  towards  the  heavens  does  not  at  every  place  and  at 
ill  times  perceive  the  same  stars;  but,  on  the  contrary,  essential  differences 
ni  the  appearance  of  the  heavens  are  observed  according  to  the  point  of  the 
fittth  and  to  the  season  and  hour  at  which  the  observation  is  made.  An 
obeerrer  at  tbe  north  pole  has  in  his  zenith  the  pok-sfar,  and  he  sees  from 
Jw  the  whole  northern  hemisphere,  and  consequently  all  its  stars.  An  in- 
hwitant  at  the  equator  sees  half  the  northern  and  half  tbe  southern  hemi- 
^httes  of  tbe  heavens,  and  the  pole-star  appears  to  him  in  the  horizon. 

The  greater  number  of  Europeans  dwell  between  the  40th  and  70th  degrees 
w  Wrth  Utitude,  and  to  them  all  the  stars  of  the  northern  and  more  or  less 
^  the  stars  of  the  southern  hemisphere  are  visible  according  as  they  are 
B«j;e  or  less  distant  from  the  equator.  ^ 

Inder  all  circumstances,  we  never  perceive  at  the  same  time  more  than 
Mif  of  tbe  starry  heavens ;  but  it  is  easy  to  imagine  that,  after  a  time,  we 
^  *  greater  number  of  stars,  in  conwquence  of  the  rotation  of  the  earth, 

®w*  there  are  continually  stars  setting  in  the  west  and  others  rising  in  the 

cast 
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49.  We  will  DOW  pass  to  the  consideratioii  of  the  constellations,  and  it  is 
best  to  commence  with  those  which  are  near  the  pole-star,  and  which  are 
visible  every  evening  and  during  the  whole  night,  since  they  never  set 

It  is  most  convenient  to  proceed  from  the  wreai  Bear^  because  this  is  the 
most  remarkable  group  of  stars,  which  every  one  is  acquainted  with,  even 
those  who  are  not  engaged  in  the  study  of  astronomy.  It  consists  of  seven 
stars,  six  of  which  are  of  the  second  magnitude ;  four  of  them  form  a  square, 
the  other  three  stand  in  an  arc  in  the  tail  of  the  Bear.  If  we  imagine  a 
line  drawn  through  the  two  latter  stars  of  the  Bear,  its  prolongation  will 
reach  a  star  of  the  second  magnitude  standing  alone,  and  which  is  the  pole- 
star  belonging  to  the  Little  Bear.  The  importance  of  this  star  has  already 
been  several  times  mentioned ;  as  it  is  only  1}  degree  distant  from  the  pole, 
it  may  be  regarded  as  the  point  around  which  the^hole  hemisphere  of  the 
heavens  turns. 

One  of  the  most  extensive  oonstellatioDs  is  the  Dragon,  which  winds  itself 
around  the  Bear,  and  is  formed  of  many  stars  of  the  third  and  fourth  mag- 
nitude, which  define  nearly  half  the  polar  circle.  Opposite  to  the  Great  Bear, 
on  the  other  side  of  the  pole,  we  perceive  five  stars  of  the  second  and  third 
magnitude,  forming  a  W.  This  constellation,  half  of  which  is  in  the  Milky 
Way,  b  called  Cassiopeia.  If  we  unite  this  group  of  stars  with  the  Great 
Bear  by  a  line,  and  draw  through  the  middle  of  this  another  line  at  right 
angles,  we  see  on  the  right  hand  of  this  line  GapeUa,  a  star  of  the  first  mag- 
'  nitude,  in  the  constellation  of  the  Waggoner,  and  oh  the  left  hand  Weger  of 
Lyra,  which  is  also  of  the  first  magnitude. 

Of  the  other  groups  worthy  of  mention  situated  within  the  Tropic  of 
Cancer  we  may  mention  Bootes,  in  which  is  Arcturus,  shining  as  a  star  of 
the  first  magnitude,  and  to  which  a  straight  line  drawn  through  the  two  lower 
stars  of  the  Great  Bear  leads.  Near  to  Cassiopeia  is  Perseus,  with  a  star  of 
the  second  magnitude,  standing  on  a  brilliant  part  of  the  Milky  Way.  From 
this  we  readily  find  the  three  bright  stars  of  Andromeda,  as  well  as  Perseus^ 
recognisable  by  four  stars  of  the  second  magnitude,  forming  a  square. 

Constellations  or  the  EcLipria 

50.  We  now  come  to  a  portion  of  the  heavens  which  is  bounded  by  the 
two  tropics,  and  which  is  of  especial  interest,  since  within  these  limits  we 
find  the  constellations  of  the  ecliptic. 

Of  all  the  celestial  zones,  or  circles,  the  ecliptic  is  the  only  one  which  we 
find  distinguished  in  the  firmament  by  a  series  of  constellations.  The  ecliptio 
has  been  divided  into  twelve  equal  divisions  by  twelve  constellations,  or  ^gns, 
supposed  to  be  equally  distant;  and  each  constellation  contains  30°,  the  circle 
being  divided,  as  usual,  into  360°.  As  we  shall  subsequently  have  to  con- 
sider the  important  relations  of  these  constellations  to  ourselves,  we  shall,  for 
the  present,  only  give  their  names  and  characteristic  signs  Since  the  equator 
cuts  the  ecliptic  in  two  points,  one  of  these  two  sections  is  on  the  north 
and  the  other  on  the  south  hemisphere  of  heaven.  Hence  we  divide  the 
constellations  of  the  ecliptic,  or  signs  of  the  zodiac,  as  they  are  commonly 
called,  into  the  northern  and  southern  constellations,  and  supply  their  names 
and  ancient  marks,  or  signs,  as  under. 
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Northarn  Oonsttilationj 

Southtrn  Oonntellatlonfl 

of  theZodiaa 

of  the  Zodiao. 

1.  The  Bam 

cp  Aries. 

7. 

The  Balance            sss  Libra. 

2.  The  BuU 

«  Taurus. 

8. 

The  Scorpion     m     ^,  Scorpio. 

8.  The  Twins 

n  Gemini. 

9. 

The  Archer               ^  Sagittarius. 

L  TheCnb 

qo  Cancer. 

10. 

The  Qoat                  V^  Capricoraus. 

5.  The  Lion 

8  Leo. 

11. 

The  Water-bearer    ex  Aquarius. 

tn^Tvfpn 

HK  Virgo. 

12. 

The  Fishee              K  Pisces. 

As  in  illastratioa  of  the  position  of  the  ecliptic  in  the  heavens,  we  refer 
to  the  diagram  of  the  celestial  globe. 

We  commence  with  the  northern  constellations  of  the  ecliptic  at  the  ver- 
nal eqainozi  yiz.,  where  the  ecliptic  cuts  the  equator,  and  the  first  is  the 
Sam,  known  bj  the  three  large  stars  in  the.  head;  the  brightest  is  of  the 
seeoad  magnitode.  Next  follows  the  BuUj  under  Perseus  and  the  Waggoner 
(Auriga),  easilj  known  by  the  V,  which  is  formed  by  a  group  of  four  stars 
i&  the  BqIFs  head,  and  called  the  Bi/ades,  or  rainy  stars.  The  star  of  the 
first  magnitude  at  the  upper  end  of  the  Y,  to  the  left,  is  Aldebaran.  On 
the  back  of  the  Boll  are  seen  the  Pleiades,  a  group  of  small  stars,  very  close 


Id  the  Tmns  the  ecliptic  reaches  its  greatest  northern  altitude.  We  per- 
eerre  two  bright  stars  of  the  second  magnitude,  Ccutor  and  Pollux,  in  the 
bead  of  the  constellation,  and  four  stars  of  the  third  magnitude  at  the  feet 
fvnniog  together  an  oblong. 

This  region  of  the  heavens  is  distinguished  by  remarkable  brilliancy, 
vnDg  te  the  proximity  of  several  constellations,  amongst  which  we  notice 
OrioHj  the  most  beautiful  of  all  the  stars,  which  is  placed  on  the  southern 
9k  beneath  the  Bull  and  the  Twins.  Two  stars  of  the  first  magnitude 
specially  attraet  our  notice,  these  are  Betelgeuze  on  the  east  shoulder,  and 
^^  on  the  west  foot  Between  these  stars  three  others  of  the  second 
Dsgnitade,  standing  together,  form  the  girdle  of  Orioriy  which  is  also  termed 
Jaah's  Siaffi  Near  to  the  girdle  we  notice  the  remarkable  spot  of  Orion, 
^etd^ewe  forms  with  two  other  stars  of  the  first  magnitude  a  regular 
tmngle,  namely,  with  Procyon  of  the  Littk  Dog,  and  with  Sirivs,  the  most 
^BstroQs  of  stars,  standing  at  the  head  of  the  Great  Dog,  and  hence  iMs  also 
ofied  the  Dog-star,  This  constellation  can  be  seen  during  the  dog-days 
(from  July  to  August)  rising  and  setting  with  the  sun,  wbieh  at  this  season 
€K^%ut  hAuaaMlMd  itsi  gtoatoot  baight^and  therefore  diffuses  the  girealesl 


The  direction  of  the  ecliptic  is  now  through  the  invisible  constellation  of 
the  On^^  composed  of  funtly-glimmering  stars,  to  the  Lion,  distinguished 
hjfinr  principal  stars  forming  a  large  trapezium : :  (figure  of  four  sides),  of 
vfakh  RegtduB,  the  chief  ornament  of  this  constellation,  is  a  star  of  the  first 
Bitgaitode.  Next  succeeds  the  Virgin,  conspicuous  for  five  stars,  forming 
>&  aochorwith  rectangular  flukes,  and  also  for  the  star  of  the  first  magnitude 
eiDed  the  ear  of  corn  of  the  Virgin  (Spica  Yirginis). 

Here  the  ecliptic  is  again  cut  by  the  equator,  and  we  now  descend  to  the 
VKSSt^m  oonsteUations,  where  we  &rst  meet  with  the  Balance,  with  four  stars, 
whieh  form  a  pretty  regular  square. 


174  ASTROKOMT. 

In  the  Scorpion,  ADtares  appears  as  a  star  of  the  first  magnitade,  which 
the  Archer  follows,  visible  only  in  the  lower  part  of  the  southern  horizon : 
it  is  easily  recognized  by  four  stars,  forming  a  rectangular  figure.  The 
ecliptic  here  has  reached  its  most  southern  declination,  and  recommences  its 
ascending  ooursejto  the  equator,  meeting  first  the  constellation  of  the  Goat 
under  the  Eagle,  distinguished  by  Ataxr,  a  star  of  the  first  magnitude,  and 
the  Water-hearer,  easily  known  by  two  stars  on  his  shoulders,  and  three  at 
some  distance  to  the  south-east  of  the  former. 

The  Pishes  conclude  the  orbitual  path  of  the  sun  round  the  vault  of  heaven. 
This  sign  contains  no  remarkable  star,  and  its  position  is  most  easily  deter- 
mined by  Pegasus,  below  which  it  is  situated.  But  between  the  water-bearv 
and  the  fishes,  and  lower  in  the  south,  is  Fomalhaut,  a  star  of  the  first  ntagni- 
tude  in  the  constellation  of  the  southern  fishes. 


m.  SPECIAL  ASTRONOMICAL  PHENOMENA. 

Sun  and  Earth. 

50.  Suppose  on  the  two  ends  of  a  rod  there  be  fixed  two  halls,  a  and  h, 
fig.  86,  and  the  ball  a  to  be  three  times  the  magnitude  of  the  ball  5;  the 
centre  of  gravitation  must  be,  consequently,  nearer  the  greater  magnitude : 
and  from  Physical  section,  (§  47),  we  know  that  if  we  divide  the  dbtance 
between  the  centres  of  the  two  balls  into  four  equal  parts,  the  common  centre 
of  gravitation  lies  at  one-quarter  of  the  distance,  namely  at  c.  Then  if  we 
multiply  the  distance  3  by  the  mass  h  =  1,  we  have  3 ;  and  if  we  again 
multiply  the  mass  3  by  the  distance  1,  we  hare 

^.-- -.^  the  same  result;  and  hence  the  two  bodies,  if 

y'^  ^^.^         supported  at  c,  will  be  equilibrium.     If  we  sop- 

/  \        pose  these  two  bodies  in  motion  round  the  centre 

/  /''""^^  \      ^^  gravitation,  we  see  in  the  dotted  lines  the 

;         ^\        \  ^   orbits  described  by  both  balls,  and  also  that  the 

;       *  W'  ^    )  ^    smaller  mass,  6,  describes  a  circle  roond  the  lai|^ 

\  V:^^''  ii    mass  a. 

\^  /  If  we  throw  into  the  atmosphere  two  nneqnal 

\^  y  masses  similarly  connected,  we  shall  find  that 

^"^ ^'''  they  assume  a  rotatory  motion  around   their 

common  centre  of  gravitation,  and  the  smaller 

3Q,  mass  constantly  describes  an  orbit  around  the 

larger. 

If,  in  the  example  fig.  36,  the  mass  of  the  ball  a  were  ten  times  or  a 

hundred  times  the  mass  of  h,  the  common  centre  of  mvitation  would  M 

within  the  greater  ball ;  and  we  should  find  that  this  ball  would  describe  a 

circle  round  a  point  in  the  interior  of  itself,  whilst  the  smaller  ball  would 

describe  a  circle  round  the  greater. 

52.  The  sun  and  the  earth  are  two  bodies  or  masses  of  a  spherical  shape, 
and  have  similar  relations  to  each  other  as  the  two  masses,  fig.  36,  only  theii 
difierenoe  is  much  greater,  as  the  following  table  shows : — 
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Tabui  of  the  Bblatiyi  MAGmTUDis  of  the  Sun  and  Earth. 


Ratio  of  the 

Earth  to  the 

Son. 


Bumeter  Miles 

Sor&ce Square  Miles 

CoDtents Cubic  Miles 

Mean  Distance  j  ^^  of  theii^rth 


Earth. 


Son. 


7,9261  887,680 

197,386,59a    2,296,080,000,000 

260,692,177,925899,815,856,000,000 

96,447,7r 

24, 


112 

12,577 

1,410,000 


If  we  imagine  these  two  bodies  to  be  connected  by  any  means  whatever, 
their  common  centre  of  gravitation  wonld  fitll  within  the  body  of  the  snu, 
aod  in  trath  very  near  to  its  centre.  If  these  were  slnng  into  the  immensity 
of  space,  they  wonld  describe  revolntions  like  the  balls  in  the  above  example, 
the  sun  about  his  own  axis,  and  the  earth  in  an  orbit  round  the  sun. 

This  is  actually  the  case,  although  the  sun  and  earth  are  not  connected  by 
any  material  bond,  like  the  bodies  in  the  example,  but  by  a  peculiar  combi- 
nation of  forces. 

The  force  which  maintains  the  connection  of  the  sun  and  the  earth,  is  the 
mutual  attraction  which  affects  all  bodies,  and  which  we  have  already,  in 
Physics,  explained  as  the  force  of  gravitation. 

That  the  sun  and  earth  preserve  their  respective  distances,  and  do  not 
progressively  approach  each  other  till  a  collision  takes  place,  is  owing  to  the 
apention  of  a  second  force,  which  acts  at  right  angles  to  the  gravitating  ten- 
deoey,  and  produces  the  compound  motion  of  the  earth.    (Comp.  Phys.,  1 52.) 

53.  The  enornK)us  mass  of  the  body  of  the  sun  is  not  without  motion. 
We  perceive  this  by  means  of  certain  dark  places  on  the  luminous  surface 
of  the  sun,  and  which  we  call  spots  on  the  sun's  disc.  These  do  not  always 
Mpipegr  in  the  same  places.  For  it  has  been  observed  that  they  traverse  the 
aim's  disc  from  the  one  margin  to  the  oth^,  where  they  finally  disappear;  thus 
pasaiog  over  the  opposite  surface  of  the  sun,  they  emerge  again,  after  some 
time,  on  the  same  part  of  his  margin,  where  they  first  appeared.  This  phe- 
ttHBenon  proves  that  the  sun  revolves  on  its  axis ;  and  the  time  elapsing 
during  one  rotation,  is  twenty-five  days  and  a  half,  while  Uie  earth's  rotation 
is  eomplcted  in  one  day. 

It  is  a  difficult  matter  to  explain  the  cause  of  the  dazzling  brightness  and 
of  the  reanimating  heat  which  proceed  from  the  sun.  The  assumption  that 
t^  son  is  a  burning  body,  in  a  chemical  s^se,  is  untenable.  Every  body 
eoostaotly  emitting  light  and  heat  by  combustion  is  liable  to  a  continual 
deciease ;  and  this  must  have  happened  to  the  sun  in  a  sensible  degree,  not- 
withstanding the  prodigious  immensity  of  its  bulk.     But,  on  the  contrary. 


the  sun  appears  to  be  the  source  of  an  unvarying  amount  of  light  and  heat. 
It  is  the  opinion  of  most  philosophers  that  the  sun  is  a  dark  body,  sur- 
rounded by  a  peculiar  atmosphere,  wM^is  k^  in  a  staler  of  continual  vi- 
Watiwi  I^.  the  enewows  ^qfawi^^  Ibe  son^a  rerokriatm,  and  thwo  booomoo 
qiiidowl  to  aa-aa  tight  aadnmilh.     Sometimes  there  are  to  be  seen  breaks, 
originating  in  unknown  causes,  in  the  sun's  atmosphere,  and  through  these 
br^ks  or  chasms,  which  we  call  spots,  we  can  see  the  dark  body  of  the  sun. 
That  friction  can  be  a  source  of  light  and  heat,  some  well-known  phenomena 
testify.    Let,  for  example,  a  piston  which  tightly  fits  a  cylindrical  tube,  be 
pmaed  down  the  tube  rapidly  and  forcibly,  both  light  and  heat  will  be  gene- 


176  ASTEOKOMY. 

rated  at  the  same  time,  and  the  last  in  sufficienl  quantity  to  kindle  Under,  if 
attached  to  the  end  of  the  piston.  This  apparatus  is  called  a  pieumatic 
tinder-hox.  We  also  find  that  when  mercury  is  shaken  in  an  exhausted 
glass  tuhe,  it  produces  a  vivid  light;  and  from  these  facts  it  may  be  con- 
cluded, that  it  is  possible  that  lieht  and  heat  may  be  produced  without  adopt- 
ing an  assumption  contradicted  by  all  our  experience  of  terrestrial  bodies. 

54.  The  path  in  which  the  earth  moves,  in  its  course  round  the  sun,  is  an 
ellipse  r§  13)  of  very  small  eccentricity,  approaching  almost  to  a  circle.  The 
long  axis,  or  line  of  the  apsides,  is  189,051,000  of  miles.  In  one  of  the 
foci  is  the  sun,  and  the  earth  reaches  its  greatest  distance  from  this  luminary, 
when  it  is  at  the  one  end  of  the  axis  of  the  ecliptic,  where  the  distance  la 
96,969,583  miles,  which  is  on  the  2nd  of  J^y*  This  point  is  the  sun's 
greatest  distance,  or  as  it  is  called,  aphelion.  On  the  opposite  point  of  the 
great  axis  of  the  ecliptic,  the  earth  reaches  the  point  nearest  to  the  sun,  or 
its  periheliony  on  the  1st  January,  when  it  is  93,768^878  miles  distant  from 
the  sun.  By  taking  the  half  sum  of  the  greater  and  less  distance  of  the 
earth  from  the  sun,  we  ascertain  the  mean  distance  of  these  two  bodies  to 
be  95,447,700  miles. 

The  earth's  orbit  may  in  most  oases  be  considered  circular  without  occa- 
sioning any  sensible  error.  Its  semi-diameter  would  hence  be  94,200,000, 
and  it£  circumference  about  585,597,000  miles;  and  this  space  is  traversed 
by  the  earth  in  865  days  and  a  fsw  hours :  consequently  the  earth  traverses 
a  space  of  eighteen  miles  and  a  half  in  a  second.  Hence,  the  velocity  of  the 
earth's  orbitual  motion  is  much  greater  than  the  velocity  of  its  diurnal 
motion,  which  at  a  point  in  the  equator,  is  only  at  the  rate  of  about  1,480 
feet  in  a  second^ If  we  oouki  travel  with  a  velocity  equal  to  ^hat-  «f-4he 
earth's  orbitual  motion,  we  might  aooomplish  a  journey  round  the  earth  ^ 
24^49  miles  in  twenty-two  minutes  and  a  balf.^  ' 

This  assigned  velocity  is  only  the  mean  of  the  earth's  actual  velocity.  The 
elliptic  figure  of  its  orbit  has  an  essential  influence  in  modifying  it,  either  re- 
tarding or  accelerating :  the  celerity  is  augmented  when  the  earth  is  approach- 
ing its  perihelion,  and  is  retarded  while  drawing  towards  its  aphelion.  From 
this  circumstanoe,  as  will  be  hereafter  shown,  there  is  a  difference  between 
the  duration  of  the  summer  and  winter  half-years,  the  former  being  seven 
days  and  three-qnart^!s  longer  than  the  latter. 

Position  op  thb  Earth's  a^is  to  the  plane  op  the  Earth's  orbxt. 

55.  We  suppose  a  plane  passing  through  the  centre  of  the  sun,  and  ex- 
tended on  all  sides,  having  the  earth  moving  within  it.  This  may  be  repre- 
sented by  a  round  piece  of  pasteboard  having  a  circuhir  and  central  hole  into 
which  a  small  ball  may  be  half  inserted.  This  ball  or  globe  represents  the 
sun ;  the  flat  pasteboard  represents  the  plane  of  the  earSi's  orbit,  which  can 
be  described  on  the  paper  by  a  circle  having  the  sun  for  its  centre.  The 
earth  itself  may  also  be  lepresented  by  a  smaller  ball  inserted  in  a  similar 
circular  hole,  or  into  several  made  in  different  parts  of  its  orbit. 

It  is  very  difficult,  in  some  oases  impossible,  to  illustrate  satisfactorily  the 
phenomena,  to  be  described  in  the  following  paragraphs,  by  means  of  dia- 
grams alone. 

These  are  oaly  calculated  to  r^resent  objeets  that  are  adequately  illastrated 
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on  a  flat  snrfaee ;  bni  many  of  the  phenomena  of  motion  can  only  be  explained 
by  a  model  which  cannot  be  oonyenientlj  represented  by  a  diagram. 

If  we  describe  on  a  small  ball,  which  represents  the  ei^,  the  usual  circles, 
m.f  the  equator,  the  tropical,  and  the  polar  circles,  together  with  the  poles 
themaelTes,  it  is  easy  to  perceive  that  we  can  ^ve  to  this  ball  very  different 
poddoDS  to  the  phme  of  the  earth's  orbit.  We  may  phice  it  so  that  both 
poks,  and  consequently  the  earth's  axis,  may  be  in  the  plane  of  its  orbit ;  or 
It  may  be  placed  with  its  axis  perpendicular  to  the  plane;  and,  finally,  it 
mij  be  made  to  assume  an  oblique  position  to  it,  so  that  its  axis  may  make 
m  acate  angle  with  the  plane  of  the  orbit 

It  is  now  to  be  shown  that  these  three  different  positions  produce  most  im- 
portant changes  upon  the  pheno- 
mena observable  on  the  earth's 
Bor&oe.  The  comprehension  is 
nroeh  aided  by  placing  a  light  to 
Rpresent  the  sun  on  the  centre  of 
a  loond  table.  On  the  margin  of 
the  table,  at  an  equal  height  with 
the  flame,  we  phioe  a  small  globe, 
iboae  axis  may  be  made  to  assume 
ay  one  of  the  three  above-men- 
tioned poations.  Instead  of  a 
^  a  little^  wooden  ball  may 
be  used,  moveable  about  a  knit- 
^  ne<^e,  which  serves  {(yt  its 
«»•  The  needle  may  be  de- 
nted to  the  same  height  as  the  candle,  by  being  stuck  into  a  cork  in  a  bottle, 
ttdit  may  be  either  perpendicular  to,  or  pandlel  with,  or  inclined  to  the 
P~  ^  the  table.  The  requisite  parallel  circles  and  the  equator  are 
wnbed  on  the  ball.  Finally,  the  circumference  of  the  table  is  divided  into 
w  equal  portions  by  two  lines  intersecting  each  other  at  right  angles  in  the 
c^rtre.  With  the  aid  of  this  simple  arrangement,  the  following  statements 
^  be  more  easily  and  clearly  comprehended  than  they  could  be  by  any 
oJWnw  whatever. 

56.  In  the  first  place  we  assume  that  the  earth's  axis  is  perpendicular  to 
we  plane  of  its  orbit,  as  in  a,  fig.  38. 

In  this  condition,  every  portion  of  the  earth  during  the  whole  year,  would 
■tve  the  duration  of  the  days  and  nights  equal.  The  sun's  rays  falling  thus 
I*T*ndicidarly  on  the  equator,  would  burn  up  the  regions  situated  near  it, 
^  render  them  uninhabitable.  The  countries  situated  between  the  circles 
^^'••wbat  more  distant  firom  the  equator  would  be  more  fortunate,  since  in 
^^'"■qneDce  of  the  oblique  direction  of  the  sun's  rays  they  would  enjoy  the 
^pwatnre  of  a  mild  spring,  which  would  be  continuous  during  the  whole 
J^w.  But  the  inhabitants  of  those  countries  would  be  deprived  of  the 
^■JJtt  of  the  successive  changes  of  season  which  we  enjoy.  Many  plants 
^u  not  reach  their  full  development  under  these  circumstances.  But  the 
^tthtion  of  the  regions  at  a  considerable  distance  from  the  equator,  or  near 
^  poles,  would  be  very  dismal.  Partly  on  account  of  the  obliquity  of  the 
^P  lays,  and  partly  through  their  interception,  an  eternal  winter  and  con- 
^^  deaoiation  would  be  prevalent  in  countries  where  millions  of  human 
12  ^ 
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bfiiDgs  now  lead  comfortable  and  happy  lives.  If,  therefore,  the  earth's  ant 
were  placed  perpendicularly  to  its  orbit,  the  greater  portion  of  its  sar&st 
would  be  an  uninhabitaUe  desert 

Still  more  conspicuous  phenomena  would  be  produced,  if  the  axis  of  the 
earth,  as  in  6,  fig.  38,  were  parallel  to  its  orbit,  so  that  its  poles  oontinaally 
remain  in  the  same  direction.  In  this  case  the  entire  northern  hemiq>heie 
would  be  enlightened  once  a  year;  the  light  would  ML  perpendicularly  upoi 
the  north  pole,  and  the  day  would  be  24  hours  long.  On  the  opposite  ode, 
at  a,  the  southern  hembphere  would  be  enlightened  and  heated  in  a  similar 
way ;  and  a  sharp  i^temation  of  heat  and  cold  would  be  Uie  result,  unmiti' 
gated  by  the  gradations  which  are  actually  experienced.  This  would  render 
Sie  earth  a  far  more  incommodious  habitation  than  it  would  be  under  the 
former  supposition. 

It  is  well  known  that  our  earth  neither  has  that  uniformity  of  light  and 
heat  which  would  be  occasioned  by  the  perpendicularity  of  its  axis,  nor  that 
abrupt  change  which  would  be  the  consequence  of  its  parallel  position  to 
the  plane  of  its  orbit ;  hence,  its  inclination  to  its  orbit  must  be  an  acute 
angle.     (Comp.  c,  fig.  88.) 

This  is  really  the  case,  and  hereby  we  are  in  a  condition  to  explain  a  series 
of  phenomena  which  are  as  important  as  they  are  well  known. 

57.  Let  us  now  consider  the  earth  in  its  four  principal  positions  relatively 
to  the  son.    In  fig.  39,  S  is  the  sun,  T  the  earth,  the  axis  of  which,  «  N, 

in  all  the  rq>reseBtation8  remuns  paral- 
lel. It  is  evident,  that  only  that  po^ 
tion  of  the  earth  which  is  owinisite  to 
the  sun  can  receive  the  benefit  oFlus 
light  and  warmth :  the  shaded  portions 
represent  the  dark  sides,  and  the  un- 
shaded the  enHghtefied  halves  of  tue 
globe  in  these  positions.  T  represents 
the  position  of  the  earth  on  the  2l8i 
of  March,  when  the  sun's  rays  fidl  pe^ 
pendicuhirly  on  the  equator.  In  this 
case  the  circle  of  illuminatioQ  passes 
through  both  the  poles  s  and  N,  oonse- 
quently  there  is  day  both  on  haM  the 
northern  and  half  of  the  soathem 
hemispheres  at  the  same  time ;  and  as 
the  earth  turns  on  its  axis  s  N,  every  part  of  its  surfiMM  describes  aDe4alf 
of  its  daily  rotation  by  dav,  and  the  other  half  by  night  While  the  earth 
is  in  this  portion  of  her  orbit,  the  day  and  night  are  equal  all  over  the  earth, 
and  hence  its  name  vernal  equinox  (spring  equal  night).  The  same  phe- 
nomenon appears  at  the  autumnal  equinox^  represented  by  T'^,  where  the 
diagram  represents  the  unenlightened,  or  night  appearanoe  of  the  earth. 

When  the  earth  in  her  oourse  has  traversed  the  next  Quadrant  of  her 
orbit,  on  the  21  st  of  June  she  enters  the  summer  toUtkcy  T,  We  peroeive 
that  the  north  pole,  N,  and  a  considerable  part  of  the  earth's  surface  oonti- 
guous  to  it,  remains  enlightened  during  the  entire  daily  rotation  of  the  earth 
round  its  axis.  Within  the  north  polar  circle,  e/,  at  the  latitude  of  66^^, 
or  28^^  from  the  pole,  the  sun  shines  for  24  hours,  and  the  nearer  the  pole 
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die  longer  k  Ae  dantion  of  sunshine.  The  portion  lyrag  in  a  higher  fattf- 
tede  than  66^^  is  named  the  northern  polar,  or  arotio;  or  frigid  cone. 

The  rererse  of  all  this  oocurs  at  the  soathem  polar  Eone,  g  k,  where,  en 
the  same  day,  the  snn  is  not  yisihle,  bat  the  night  lasts  for  24  hours. 

On  the  equator  the  duration  of  both  day  and  night  is  equal ;  for  the  iihi- 
woBt^ted  portioD  n  E,  of  this  circle  is  equal  to  the  darkened  portion  n  A. 
On  every  point  north  of  the  equator  the  day  will  be  longer  than  the  night, 
nnce  the  Uhiminated  portion  m  6,  of  the  paralld  circle  a  b,  is  evidently 
greater  than  llie  unenlightened  portion  ma;  consequently,  an  inhabitant  of 
this  region  will  be  longer  in  the  illuminated  than  in  the  darkened  part  during 
ihe  ear^s  diurnal  rotation.  All  who  live  on  the  noH^em  side  of  the 
equator  have,  on  the  2l8t  of  June,  their  longest  day  and  their  shortest  night. 

That  phenomena,  in  direct  contrast  to  the  above,  should  ocomr  on  the 
lontbem  aide  of  the  equator,  may  be  easily  conceived. 

The  parallel  circle,  a  5,  on  which  the  sun's  rays  fall  perpendicularly  on 
the  21st  of  June,  is  called  the  tropic  of  Cancer,  WhUst  the  earth  con- 
tinues its  orbitual  course,  the  lengoi  of  the  days  gradually  decreases ;  and 
Then,  on  the  23d  of  September,  she  enters  the  avtunviial  equinox,  T",  day 
sod  night  are  again  equal.  From  this  point  by  farther  progression,  the  day 
IB  eontinually  shortened,  till,  on  the  2l8t  of  December,  the  earth  has  reach^ 
the  ipifi/cr  BolsHce,  T"',  where  the  sun  is  perpendicular  to  the  tropic  of  Oa^ 
pricanij  c  cL  Here  the  diurnal  arcs  m  a  are  evidently  shorter  than  the 
nocturnal  arcs  m  &,  to  all  the  inhabitants  of  the  northern  hemisphere.  We 
have  at  this  season  our  shortest  days  and  longest  nights ;  and  our  antipodes 
in  the  southern  hemii^here  enjoy  their  longest  days. 

Tablb  of  PoLAB  Altitudb  and  Dubatioit  of  Solab  Altitudb. 


Buratkm  of  the 

PDkrAltitada. 

LongMtDaj. 

Co  (y 

12  hours. 

16    44 

18       ,, 

80    48 

14      ,, 

49    22 

16      ,, 

68    28 

20      ,, 

66    82 

24      ,, 

67    23 

1  month. 

78    89 

8  months. 

90      0 

6      ,, 

From  the  winter  solstice  to  the  vernal  equinox,  the  day  oonstantly  increases 
tnd  the  night  decreases ;  until  at  the  latter  point  they  are  again  equal. 

Thus  we  see  that,  on  this  obliquity  of  the  earth's  axis  to  the  plane  of  its 
orbit,  the  apparent  annual  course  of  the  sun,  its  passage  across  the  equator 
twice  a  year,  and  progress  to  the  tropics,  described  in  §  §4,  can  be  expluned. 

The  greatest  altitude  and  declination  of  the  sun  is  indicated  by  the  tropical 
circles,  whidi  are  23^^  north  and  south  of  the  equator;  because  in  these 
pants  the  further  progress  of  the  sun  is  arrested,  and  his  subsequent  progress 
is  backwards  to  the  equator. 

58.  To  the  inhabitants  of  the  regions  of  the  earth  lying  on  each  side  of 
the  equator,  and  within  the  tropics,  called  the  tropical  or  torrid  aone,  the  sun 
dnriDg  the  whole  year  is  either  perpendicular^  on  almost  perpendicular.    Heuoe 
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ibey  have  greater  heat  and  less  diyersitj  of  season  than  the  inhabitantd  of 
other  portions  of  the  globe.  Plants  and  animals,  even  man  himself,  nnder 
the  united  effects  of  light  and  heat,  assume  peculiar  forms  and  qualidea. 

Between  the  tropics  and  polar  circles,  on  both  sides  of  the  equator,  are 
mtoated  the  two  temperate  zones.  In  these  regions  the  son's  rays  never  fall 
perpendicularly  on  the  earth ;  and  some  portion  of  their  calorific  power  is  not 
absorbed,  but  reflected,  and  the  temperaturee  never  reaches  the  maximum. 

The  entire  surface  of  the  torrid  zone  is  estimated  at  68 1  millions  of  square 
miles;  the  two  temperate  zones  at  102  millions;  and  the  two  frigid  Eonea  ai 
17  millions  of  square  miles. 

In  the  course  of  the  year,  the  effects  of  the  sun  upon  our  northern  tempe- 
rate zone  a  b  ef,  (fig.  39),  are  very  dissimilar.  During  the  summer  solstice 
St  T),  the  sun's  rays  meet  the  earth  at  a  much  less  oblique  an^le  than  at 
e  time  of  the  winter  solstice,  when  the  sun  is  on  the  southern  side  of  the 
equator,  and  when  his  rays  fall  so  obliquely  that  a  large  portion  of  their  caJp- 
rific  influence  is  intercepted  and  dissipated  in  the  surrounding  atmosphere. 
Besides  this,  there  is  the  longer  duration  of  the  sun  above  our  horizon,  and 
consequently  a  greater  absorption  of  heat  by  the  surface  of  the  ground.  This 
b  the  cause  of  the  great  range  of  temperature  experienced  by  us  in  the  space 
of  a  year;  hence  the  change  of  seasons,  the  transition  from  an  UDg^nial 
season  to  the  mild  expansive  influence  of  spring,  followed  by  the  ripening 
warmth  of  summer,  when  finally  the  autumn,  with  a  decrease  of  both  light 
and  heat,  opens  the  gate  to  icy  winter. 

What  advantages,  what  attractions  for  mankind,  are  connected  with  thb 
perpetual  change  of  season !  what  an  endless  vanety  of  charms  to  awake  our 
attention  and  to  excite  our  gratitude !  The  loveliness  of  flowery  spring,  the 
glowing  splendour  of  summer,  the  exuberance  of  autumn,  and  the  stem  nni- 
formity  of  winter,  have  been  the  subjects  of  painting  and  poetry  from  the 
earliest  ages  to  the  present  day. 

59.  Were  the  earth's  orbit  actually  a  circle,  as  in  ^s,  89,  the  periods 
between  the  equinoxes  and  solstices  would  be  exactly  equal ;  and  the  summer 
half-year  from  the  vernal  to  the  autumnal  equinox  would  be  of  the  same 
duration  as  the  winter  half-year. 

This,  however,  is  not  the  case ;  and  the  reason  is,  that  the  earth's  orbit  is 
elliptical,  and  the  sun's  place  is  in  one  of  its  foci. 

If  T  and  T'  (fig.  40)  are  the  equinoctial 
points,  the  portion  of  the  arc  of  the  winter 
half-year,  T^''^',  lying  between  the  two,  is 
smaller  than  that  portion  of  the  orbit  of  the 
summer  half-year,  TTV'i  and  besides  this, 
the  velocity  of  the  earth,  in  the  winter  portion 
of  her  orbit,  is  greater  than  in  the  other  portion, 
because  the  earth  is  then  nearer  to  the  son. 
Both  causes  co-operate ;  and  their  united  effect 
is,  that  the  summer  half-year  is  186  days  and 
12  hours  long,  and  the  winter  half-year  con- 
sists of  only  178  days  and  18  hours;  consequently,  the  former  is  longer  than 
the  latter  by  7}  days. 

Though  the  perihelion  falls  in  mid-winter,  and  we  are  then  8,206,705 
miles  nearer  the  sun  than  we  are  at  the  time  of  the  summer  solsticey  this 
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neater  proximity  has  do  effect  on  the  temperatare  of  the  earth's  surface, 
being  modified  by  the  greater  obliquity  of  the  sun's  rays  and  the  shortness 
of  the  days,  as  has  already  been  shown. 

60.  Suppose  we  observe  the  setting  of  the  sun,  on  any  evening,  and  remark 
at  the  same  time  the  position  of  a  star  or  of  a  constellation  near  the  place 
where  the  sun  disappeared  below  the  horizon,  on  the  following  evening  we 
shall  perceive  the  same  star  or  constellatbn  in  the  same  position  near  which 
we  perceive  the  sun  set.  If,  however,  this  observation  is  repeated  or  continued 
for  several  days,  we  may  perceive  that  the  sun  approaches  nearer  to  the  star; 
and  subsequently  the  latter  sets  at  the  same  time  as  the  sun,  and  is  not  of 
course  perceptible  after  sunset  The  same  observation  with  another  star  may 
be  repeated  in  a  similar  manner.  On  the  eastern  part  of  the  horizon,  also, 
we  find  a  similar  phenomenon.  A  star  as  near  as  possible  to  the  sun,  and 
which  rises  only  a  short  time  before  him,  will,  after  several  days,  rise  earlier 
and  be  at  a  greater  distance  because  the  sun  has  travelled  from  it.  Thus,  we 
may  observe  the  perpetual  progression  of  the  sun  among  the  fixed  stars  from 
the  west  to  the  east,  and  we  can  describe  his  path  when  we  remark  the  con- 
stellations in  the  vicinity  of  which  he  appears  or  disappears. 

These  constellations  compose  a  girdle  or  zone  among  the  fixed  stars,  so 
named  probably  from  fwi'MHu,  I  girdle^  or  from  fww,  a  living  creature^  be- 
cause most  of  the  constellations  of  the  Zodiac  bear  the  name  of  animals. 
The  zodiac,  or  constellations  of  the  ecliptic,  is  bounded  by  two  parallel  circles 
of  from  seven  to  eiffht  degrees'  distance  from  the  ecliptic.  When  the  sun 
appears  in  the  neighbourhood  of  one  of  these  constellations,  we  say  that  he  is 
m  that  coiuteSatum,  By  twelve  equally-distant  constellations,  the  names  and 
signs  of  which  we  have  j^ven  in  §  49,  the  ancients  divided  the  zodiac  into 
twelve  equal  portions.  The  sun  passes  from  one  constellation  of  the  zodiac 
to  another,  a  distance  of  30^,  in  the  space  of  from  28  to  31  days,  which  is 
calkd  a  month.  After  the  sun  has  completed  his  course  in  the  space  of 
twdve  months  from  one  constellation  to  another,  he  appears  again  in  the  con- 
steUation  where  he  was  first  observed;  and  this  revolution  completes  the  year. 
Daring  every  successive  month  the  sun  is  in  another  constellation. 

About  3,000  years  since,  when  the  zodiac  was  assumed,  the  sun  at  the 
vcfDal  equinox  was  in  the  constellation  of  the  Ram  (Aries),  and  the  suc- 
ceeding months  with  their  constellations  were  as  follow : — 


Kareh   -  Aries,  the  Ram. 
April  -  ~  Taurus,  the  Bull. 

M»y Gemini,  the  Twins. 

Jvne Cancer,  the  Crab. 

July Leo,  the  Lion. 

Avguat  -  Virgo,  the  Virgin. 


September-  Libra,  the  Balanee. 
October     -  Scorpio,  the  Scorpion. 
November  -  Sagittarius,  the  Archer. 
December  -  Capricomus,  the  Goat 
January    -  Aquarius,  the  Waterbearer. 
February  -  Pisces,  the  Fishes. 


In  eonsequenoe  of  a  slow  retrogression  of  the  nodal  point  where  the  eliptio 
ind  the  equinoctial  cut  each  other  (called  the  precession  of  the  equinoxes), 
tliis  rektioB  between  the  sun's  actual  course  and  the  constellations  has  been 
ilteied*  The  sun,  for  example,  is  not  in  Aries  on  the  21st  of  March,  but  in 
^  ooMtelladon  <k  Pisces ;  and  also  in  the  succeeding  months  the  sun  is  in 
the  constellation  corresponding  to  the  preceding  sign.  In  order  to  avoid 
coBfbsioD,  the  aicient  signs  are  still  placed  on  celestial  charts  and  globes ; 
ttd  a  distiDctioQ  is  made  between  the  constellation  and  its  sign  or  mark. 
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The  latteir  are  nothiDg  but  twdye  marks,  by  whick  the  ecliptic  is  divided ; 
the  former  are  the  actual  groups  of  stars.  If,  for  example,  the  san  or  a 
planet  is  said  to  be  in  the  sign  of  the  Grab  (Oancer),  we  look  on  the  globe 
or  chart  for  the  sign  s,  and  find  there  the  preceding  oonstellatioD,  viz.,  thai 
of  the  Twins  (Gemini).     (See  fig.  41.) 

As  has  been  already  stated,  the  ecliptic  oats  the  equator  at  an  angle  of 
28^^  in  two  opposite  points  distant  180^.  These  are  the  points  which  we 
call  the  equinoctial  points,  or  the  equinoxes :  the  sun  at  the  vernal  equinox, 
on  the  21st  of  March,  is  in  the  constellation  of  the  Fishes  (Pisces),  and  in 
the  sign  of  the  Bam,  and  at  the  autumnal  equinox,  on  the  23ni  of  September, 
he  is  in  the  constellation  of  Virgo,  and  in  the  sign  of  the  Balance  (Libra). 

61.  This  apparent  motion  of  the  sun  we  must  now  refer  to  its  real  cause, 
viz.,  the  motion  of  the  earth. 

To  assist  us  in  comprehending  this  motion,  we  again  employ  a  round  table, 
with  a  light  in  the  centre  to  represent  the  sun.  We  now  place  the  table  in 
the  centre  of  a  circular  room,  round  the  wall  of  which  the  signs  of  the  ecliptic 
are  described  at  equal  distances,  and  on  the  same  level  with  the  light  on  the 
table.    In  fig.  41  the  inner  cuxsle  represents  the  table,  and  the  outer  the 
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circumference  of  the  room.  The  observer's  eye  is  supposed  to  be  on  a  level 
with  the  light,  and  in  the  place  indicated  by  the  arrow  (f^)at  860°,  where 
weSuppose  the  earth  to  be  commencing  her  motion  on  the  2l8t  of  March  in 
the  direction  of  the  arrow  ((^).  At  this  precise  time  the  sun  appears  Sn  the 
sign  Aries.  Moving  along  the  margin  of  the  table,  which  is  divided  Into 
twelve  equal  parts,  in  one  such  part  farther  on,  we  perceive  the  aun  m  the 
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■pofTannttsaiid  he  tppears  to  have  cJeseiibed  an  arc  (rf  80^  in  a  directaon 
preoBdy  oppoette  to  oars.  Thus  we  }m)ceed  in  our  course  round  the  sun, 
and  poeeiire  bim  paasiog  from  one  sign  to  another  till  be  appears  again  in 
tbal  of  the  Bam,  mud  the  year  is  completed. 

Before  tlie  mo^B  of  the  earth  round  the  snn  was  estaUished  on  certain 
di^  the  earth  was  believed  to  be  in  the  centre  of  the  ecliptic,  i.  e.,  in  the 
plM8  where  the  sun  really  is,  %  41.  In  ffict,  the  phenomena  are  the  same, 
if  we  pbce  ooraelves  in  the  centre  <3i  the  table  and  cause  a  light  representing 
the  son  to  be  carried  round  it,  beginning  at  the  lower  arrow.  We  see  the 
light  paaniig  throiigh  all  the  signs. 

That  the  eoliptio  euts  the  equator  at  an  angle  of  28^^,  is  merely  a  result 
of  (he  ineUnation  of  the  earth's  axis  towards  its  orbit. 

Id  fig.  42  we  see  the  sun  surrounded  by  an  inner  circle  which  represents 
the  eaith's  orbit,  and  by  an  outer  circle  which  is  formed  by  the  stars  of  the 
cdiptie.    If  the  axis  of  the 

earth  a  s  were  perpendicular  V?-"* * * 

to  the  plane  of  both  these     — ^-->^^/\f\ "^*^' •*. 

eveles.  the  ecliptic  would  — mr^jT^-JC  If jtffc        "^'"' ,        ^'^-..m, 

coizicide  with  the  plane  ot  *'#\yLx^''**-*^^- —        Jt- 

the  eqiuDOctial  a  q.     The  wj*^-..      ^^"^^^-w--*" 

aetual  position  of  the  axis  is,  *'       ♦ — ■^^*<-- 

however,  inclined  towards  42. 

both  these  circles,  as  N  S, 

m  which  case  A  Q  is  the  equator,  the  plane  of  which  evidently  cuts  the 

plane  of  the  ecliptic  under  the  same  angle  which  the  imaginary  perpendi- 

eolar  axis  n  s  forms  with  the  inclined  axis  N  S. 

Equation  of  Timb. 

62.  The  earth  rotates  with  perfect  uniformity  around  its  own  axis  in  23 
horns,  56  minutes,  and  4  seconds.  This  period  is  called  a  sidereal  day. 
Like  the  solar  day  it  is  divided  into  24  equal  parts,  and  each  such  part  is 
called  a  sidereal  hour.  Astronomers  make  use  of  this  time  because  they 
on  examine  it  with  the  greatest  facility  and  accuracy,  and  can,  by  its  means, 
easily  determine  the  position  of  a  star. 

On  ^e  other  hand,  the  time  which  the  sun  requires  from  one  transit 
thnmgh  the  meridian  of  a  certain  place  to  the  following  transit  is  called  a 
mHar  day.  This  is  about  4  minutes  longer  than  a  sidereal  day,  because  the 
sun  appears  to  have  removed  about  1  degree  every  day  towards  the  east  It 
is  simiiar  to  die  minute-hand  of  a  watch,  which  after  having  been  directly 
ever  the  how-hand  must  make  somewhat  more  than  one  revolution  to  reach 
the  hoar-hand  again,  since  the  latter  has,  in  the  mean  time,  traversed  a  cer- 
tain distance  in  the  same  direction. 

The  solar  day  has  always  been  divided  into  24  hours.  A  well*constructed 
and  lightly-eitiiated  sun-dial  always  indicates  the  hour  correctly. 

The  aelar  days,  however,  are  not  of  equal  duration,  since,  as  we  have  seen, 
they  d^>eiid  upon  the  unequal  motion  of  the  earth  in  her  elliptical  oibit, 
wkxh  eaoses  the  apparent  motion  of  the  sun ;  and  also  because  the  sun  does 
not  appear  to  inove  in  the  plane  of  the  equate,  but  in  Uie  ecliptic,  which  is 
indiDed  23}^  towards  it 
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But  as  a  good  clock  ou^t  to  have  a  perfectly  unifiHin  moTement,  it  eiii' 
not  of  course  indicate  the  inequalities  of  solar  time;  hence  the  so-oalled  meM 
solar  time  has  been  introduced.  Besides  the  sun  itself,  we  may  imagme 
another  sun  which  moves  with  uniform  Telocity  in  the  plane  of  the  eqoaiari 
and  which  always  passes  simultaneously  with  the  actual  sun  through  die 
vernal  equinox. 

The  imaginary  sun  sometimes  precedes  and  sometimes  follows  the  actual 
sun,  and  several  times  they  pass  simultaneously  through  the  m^ridJAii.  A 
watch  which  points  always  to  the  hour  of  twelve  when  the  imaginary  sun 
passes  through  the  meridian  indicates  the  mean  solar  time  which  ia  so  termed 
in  contradistinction  to  the  true  time  indicated  by  the  sun-dial.  The  diier- 
ence  between  the  mean  and  true  solar  time  is  called  the  equation  of  tmc 
The  following  table  shows  the  equation  of  time  for  the  different  months  aocu» 
rately  to  one  minute.  If  it  be  desired  to  regulate  a  watch  according  to  tiM 
sun-dial,  we  are  obliged  to  add  to  or  subtract  from  the  time  indicated  by  the 
dial  as  many  minutes  as  are  indicated  by  the  table. 

If,  for  example,  the  sun-dial,  on  the  26th  of  March,  indicates  10  h«un 
17  minutes,  the  watch  must  indicate  10  hours  17  minutes  +  6  minutes,  or 
10  hours  23  minutes;  and  also  for  the  7  th  of  September,  if  the  8un<<lial  in- 
dicates 8  hours  55  minutes,  the  watch  must  point  to  8  hours  55  minutes^- 
2  minutes,  or  8  hours  53  minutes. 


Equation  of  Time. 

Uin. 

Hln. 

mn. 

Wb. 

January  1 

- 

h    ^ 

April 

1 

+    4 

August  2     - 

h    ^ 

Nov.      8     -.16i 

4 

. 

-    6 

6 

--    8 

11     - 

-    6 

9—16 

6 

. 

-    6 

8 

--    2 

17     - 

.    4 

17     —  16 

8 

. 

-    7 

12 

-^    1 

21     - 

-    8 

21     —  14 

11 

- 

-    8 

15 

0 

26     - 

-    2 

25    —  18 

18 

. 

-    9 

20 

—    1 

29     ^ 

V    1 

28—12 

16 
19 

- 

-  10 
^  11 

26 

—    2 

Sept      1            0 

4    —    1 

7—2 

10    —    8 

Dec       1—11 

28 
27 

- 

-  12 

-  18 

May 

11 
16 

—  8 

—  4 

8—10 

6—9 

8—8 

10—7 

February  2 

« 

h  14 

29 

—    8 

13—4 
16—5 
19    —    6 
22    —    7 
26—8 
27—9 
80    —10 

18 

. 

-14J 

12—6 

20 

- 

-  14 

Jane 

6 

—    2 

15—6 

27 

„ 

^  18 

10 

—    1 

17—4 

15 

0 

19—8 

March     4 

8 

- 

1-12 
^  11 

20 

24 

+    1 
.-    2 

21—2 
28    —    1 

12 

. 

-  10 

29 

--    8 

Oct       4—11 

.26            0 

16 

- 

-    9 

7—12 

27     4-    1 

19 

. 

-    8 

11     —  18 

29     If    2 

23 

- 

-    7 

July 

4 

+    4 

15    —  14 

81     +    3 

26 

■h    6 

11 

--    5 

20—16 

29 

+    6 

20 

.-    6 

28—16 

Earth  and  Moon. 

63.  A  rektion  simikr  to  that  between  the  sun  and  the  earth  exists  also 
between  the  earth  and  the  moon ;  the  latter  is  attached  to  the  earth  by  the 
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iifinUe  bond  of  attnMstioD,  and,  as  its  satellite,  aooompanies  it  in  its  path 
and  the  sun. 

Oa  oomparin^  these  two  bodies,  the  moon  and  the  earth,  we  find  the  moon's 
•  diuefter  to  be  z,157  miles,  or  8-67  times  smaller  than  the  diameter  of  the 
eirth.  The  snr&oe  of  the  earth  is  abovt  14  times  larger  than  that  of  the 
mocm,  and,  in  solid  contents,  is  50  times  greater.  To  an  observer  in  the 
•ooa  the  earth  mnsi  appear  8*67  times  larger  than  the  moon  appears  to  us. 
Ibe  apparent  diameter  of  the  ktter  b  8ri6". 

llie  distance  of  the  moon  from  the  centre  of  the  earth  is  287,840  miles, 
(T  60  ttmi-diameten  of  the  earth,  an  insignificant  space  when  compared  with 
tk  distaoce  of  the  son,  and  especiall j  when  contrasted  with  the  distances  of 
tW  fxed  stars.  Indeed  the  moon  is  of  all  the  heavenly  luminaries  the  near- 
est to  u,  and  it  is  owing  to  this  that  she  apparently  surpasses  in  magnitude 
ill  other  eelestial  bodies,  except  the  sun,  and  that,  in  appearance,  she  is 
abaoat  of  dimensions  equal  to  him. 

This  proximity  enables  us  to  make  important  observations  on  the  body  of 
the  BooQ,  which  being  magnified  500  times,  or  brought  nearer  by  a  powerful 
teleaeope,  afibrds  a  spectacle  as  surprising  as  it  is  beautiful.  When  with  the 
uasisted  eye  alone  the  moon  is  viewed,  we  perceive  large  dark  parts  to 
ihieh  fimej  and  tradition  have  often  assigned  a  human  or  other  appearance ; 
the  armed  eye,  however,  represents  these  in  a  most  definite  manner,  and  we 
ktve  in  general  acquired  tolerably  well-grounded  views  respecting  the  con- 
(iitkn  of  the  moon's  surface. 

Ib  the  half-mooD,  while  the  enlightened  border  towards  the  sun  is  circular 
iDd  amoothly  rounded  off,  the  opposite  border  is  indented  and  jag^,  with 
deep  leeesses  and  prominent  points.  That  certain  clear  points  in^e  moon 
are  moontains  there  is  no  reasonable  doubt,  from  the  long-projecting  shadows 
that  their  unenlightened  sides  cast  behind  them ;  as  the  altitude  (S  the  sun 
increases  they  shorten,  and  at  full  moon  disappear.  By  admeasurement,  it 
has  heen  discovered  that  some  of  these  mountains  are  as  high  or  even  higher 
^  any  terrestrial  mountains.  Annular  mountains  (Ringgebirge)  are  the 
aoatoonmion  form  of  lunar  mountains :  sometimes  these  enclose  an  extensive 
pjaio,  sometimes  a  crater  of  great  depth,  having  sometimes  a  conical  elevation 
ift  its  centre  called  the  centail  mountain.  Sesides  these,  there  are  groups 
and  chains  of  mountains  traversing  the  moon  in  every  direction ;  so  that  by 
^  the  larger  portion  of  the  lunar  surface  is  occupied  by  these  diversified 
MQtain  ranges.  This  may  be  discovered  through  a  moderately  good 
ttleseope. 

Od  comparing  the  appearance  of  the  lunar  mountains  with  those  of  the 
^^^jsod  withSie  idea  which  we  entertain  of  the  origin  of  terrestrial  moun- 
^Ds,  a  volcanic  origin  b  with  good  grounds  ascribed^  to  the  former. 

Acoofding  to  the  most  exact  observations,  it  appears  that  the  moon  has  no 
atOMBphere  similar  to  ours,  that  on  its  surface  there  are  no  great  bodies  of 
vater  U^  our  seas  and  oceans,  so  that  the  existence  of  water  is  doubtful. 
^  whole  physical  condition  of  the  lunar  surface  must,  therefore,  be  so 
^iSereat  from  that  of  our  earth,  that  beings  organized  as  we  are  could  not 
cxiatthere. 

it  voold  be  ridiculous  to  waste  time  in  refuting  the  assertion,  that  edifices 
utd  even  living  creatures  might  be  seen  on  the  moon.  If  we  were  in  a  con- 
ditioQ  to  apply  telescopes  magnifying  a  thousand  times,  the  moon  would 
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appear  in  that  case  no  other  than  a  place  50  miles  distant  appears  to  the 
naked  eye;  yet  who  can  discern  a  house  or  a  living  creature  of  any  sort  at 
such  a  distance  ? 

64.  The  lunar  orhit  is  an  ellipse  having  the  earth  in  one  of  the  foci,  and 
its  eccentricity  is  greater  Uian  that  of  the  earth's  orbits  that  is,  it  vanea  in 
a  greater  degree  from  the  circular  figure. 

Hence  the  moon  is  not  always  equidistant  from  the  earth,  bat  has  iti 
apogee,  its  perigee,  and  mean  distance,  similar  in  this  re^>eot  to  the  relations 
existing  between  the  earth  and  the  sun  (§  53),  already  described.  Hence 
its  apparent  magnitude  is  not  uniform :  its  greater  apparent  diameter  is  Bd' 
2(y\  and  the  smaller  29^  12",  and  the  mean  31'  16",  aooording  to  its  distance 
from  the  earth.  The  celerity  of  the  moon's  motion  is  th«  greater^  the  non 
it  approaches  the  earth. 

But  since  the  moon  moves  at  the  same  time  with  the  «arth  around  the 
SUD,  its  motion  is  very  complicated,  being  that  of  a  spiral  line  abont  ths 
earth's  orbit,  the  calculation  and  determination  of  whidi  are  attended  with 
very  great  difficulties. 

But  these  vanish  when  we  first  of  all  submit  to  consideration  the  relation 
of  the  moon  to  the  earth,  assuming  the  earth  as  the  centre  of  the  lunar  orUt 

The  path  traversed  by  the  moon  in  the  heavens  is  certainly  within  the 
zodiacal  circle,  yet  it  does  not  exactly  coincide  with  the  sun's  apparent  oonne, 
the  ecliptic,  but  cuts  this  at  an  anple  of  a  little  more  thim  5^,  ip  two  opposite 
points,  which  are  called  the  moon  s  nodes,  or  nodes  of  the  lunar  orbit.  The 
one  holf  is  therefore  north,  and  the  other  half  south  of  the  ecliptic. 

If  the  position  of  the  moon,  in  respect  to  any  known  star,  be  observed  on 
one  evening  and  repeated  the  next,  the  moon  will  be  found  to  have  moved  a 
little  more  than  13^  from  west  to  east  from  that  star.  As  the  whole  circle  of 
her  orbit  is  360°,  accurate  calculation  has  proved  that  this  space  is  traversed 
by  the  moon  in  27  days  7  hours  43'  12",  after  which  time  she  has  returned  to 
the  same  star.     This  time  is  called  the  moon's  periodic  time  or  periodicity. 

During  the  moon's  course  round  the  earth  in  the  above  stated  period,  she 
turns  once  on  her  own  axis,  which  is  almost  perpendicular  to  the  ecliptic,  so 
that  the  lunar  equator  nearly  coincides  with  it,  and,  consequently,  in  the 
moon  the  same  phenomena  relative  to  the  sun  will  be  observable  which  the 
earth  would  have  presented  if,  as  in  §  56,  the  earth's  axis  were  perpendicuhtf 
to  the  plane  of  the  ecliptic. 

One  consequence  of  this  protracted  period  of  lunar  rotation  is,  that  the 
one-half  of  the  moon  will  have  the  sun's  rays  for  nearly  15  days,  and  the 
other  side  during  this  period  would  be  in  darkness,  were  it  not  for  the  reflected 
light  she  receives  from  the  earth. 

From  our  earth  oniyjone  side  of  the  moon,  or  one-half  of  the  lunar  sorfitce, 
is  ever  visible,  t.  e.,  the  moon  always  presents  the  same  face  to  the  earth. 
This  is  occasioned  by  the  ooincidenoe  of  the  period  where  the  moon  revolves 
round  the  earth  and  that  in  which  she  moves  round  her  own  ax|s.  Her 
revolution  and  rotation  are  accomplished  in  the  same  period.  This  fact  may 
be  proved  experimentally.  Let  us  imagine  a  candle  placed  upon  a  round 
table;  if  we  now  walk  round  the  table,  keeping  the  face  always  turned 
towards  the  light,  we  do  not  merely  pass  round  the  table,  but  in  the  mean 
time,  turn  round  our  own  axis. 
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Phases  of  the  Moon. 

65.  No  other  heavenly  body  shows  snch  remarkable  changes  in  its  aspect 
as  the  moon.  This  is  so  striking,  that  the  phrase,  *^  changeable  as  the 
BOOD,"  is  proverbial. 

For  tn  explanation  of  the  different  aspeets,  or  phau^  of  the  moon,  we 
o«t  have  reoonrse  to  the  snn,  for  these  are  the  result  of  the  changes  of  the 
motoal  podtions  of  the  son,  the  earth,  and  the  moon. 

We  have  first  to  remark  Uiat,  on  acooant  of  the  great  distance  of  the  earth 
nd  the  moon  fiom  the  son,  and  the  great  magnitude  of  the  last,  all  the  rajs 
of  light  that  {^oeeed  from  the  son  fall  in  a  parallel  direction  upon  the  earth 
and  noon,  and  it  is  indifferent  at  what  portion  of  their  orbits  they  receive 
theeimyi. 

Therefore  let  T,  fig.  43,  represent  the  earth,  and  cc the  moon  in  the 

Tirioas  positions  she  assumes  in  her  orbit,  and  S  S  ....  the  rays  of  light 
prooeedhig  in  a  parallel  direction  from  the  distant  sun.  It  is  evident  that 
the  foHaees  both  of  the  earth  and  moon  opposite  to  the  sun  will  be  com- 
pletely enlightened,  and  to  an  eye  placed  in  the  sun  these  two  bodies  would 
Fnefit  the  appearance  of  constantly  enlightened,  perfect  discs.  The  reverse 
B^  vis.,  ihai  which  is  not  opposite  to  Uie  sun,  is  naturally  dark. 
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Suppose  the  BUD,  the  mooD,  and  the  earth  to  he  in  one  straight  line,  in  th^ 
order  of  sun,  moon,  and  earth  (S  A  T,  fig.  48),  this  position  is  called  cm- 
junciwn;  and  when  the  earth  is  between  the  sun  and  the  moon,  it  is  called 
opposition^  as  S  T  E.  The  two  positions  C  and  G  are  called  the  moon'fi 
quadratures.  From  the  eart^,  only  that  half  of  the  lunar  surface  which  ii 
turned  towards  us  is  visible,  that  is,  that  part  of  our  diagram  which  is  cut  bj 
the  circle  representing  the  orbit  of  the  moon.  Whilst,  therefore,  ABODE 
F  G  H  represent  the  moon  as  she  would  appear  if  viewed  from  the  sun,  the 
figures  in  the  juxtaposition,  viz.,  ahd defgh^  represent  the  phases  of  the 
moon  as  they  actually  appear  to  an  eye  on  the  earth  observing  them  in  these 
several  positions. 

In  the  lunar  conjunction  at  A  the  unenlightened  disc  of  the  moon  is  turned 
towards  the  earth,  and  we  have  then  new  moon  as  it  is  termed.  At  this 
period  the  moon  is  scarcely  visible,  but  in  some  states  of  the  atmoq)faere  she 
appears  as  a  pale  ash-gray  body,  reflecting  the  little  light  borrowed  from  the 
earth.  After  a  few  days  she  appears  to  us  at  B,  as  a  shining  crescent  6,  the 
points  of  which  are  turned  from  the  sun.  In  the  quadrature  C  she  increases 
to  the^r«^  qitarter  (/,  where  she  presents  her  semi-lunar  shape.  When  she 
reaches  the  opposite  point  of  her  orbit,  and  is  in  opposition,  we  have  what  is 
called  /idl  moon.  By  a  similar  gradual  decrease  she  retonis  to  that  part  of 
her  orbit,  where  she  is  again  in  conjunction. 

The  following  simple  operation  will  afford  a  satisfactory  view  of  the  luoir 
phases.  In  the  centre  of  a  table,  place  a  rather  large  globe  to  represent  the 
earth,  about  which,  a  smaller  globe  representing  the  moon  may  be  carried, 
preserving  an  equal  distance  from  the  centre.  At  a'  suitable  distance  from 
both,  place  a  light  to  represent  the  sun,  and  at  the  same  height  as  the  two 
globes.  In  this  experiment  it  is  usual  to  colour  the  lunar  globe  white,  thtt 
the  exact  shadow  line  may  be  sharply  defined.  If  from  the  large  globe  we 
now  look  at  the  lunar  globe,  during  its  revolution,  we  shall  obtain  a  very 
accurate  view  of  the  di^rent  phases  of  the  moon. 

66.  Since  the  moon  daily  describes  an  arc  of  13^  in  the  heavens,  from 
west  to  east,  it  is  certain  that  her  rising  or  appearance  above  the  horizon  will 
be  later  every  successive  night ;  and  in  this  respect  she  differs  from  the  fixed 
stars,  which  preserve  to  a. minute  the  exact  period  of  rising  and  setting.  As 
the  rising  or  setting  of  the  moon  can  be  exactly  calculated,  and  is  besides  a 
matter  of  considerable  importance,  both  this,  as  well  as  her  different  phases, 
are  given  in  the  Almanac ;  but  with  greater  fulness  in  the  Nautical  Almanac. 

Tides. 

67.  As  the  attraction  between  the  different  portions  of  matter  is  alwajs 
mutual,  the  moon  is  not  only  attracted  by  the  earth,  but  the  latter  is  also 
attracted  by  the  moon.  Lunar  attraction  is  most  powerfully  and  sensibly 
felt  on  those  portions  of  the  earth's  surfisu^  that  are  nearest  to  the  mooD} 
which  is  the  case  when  the  moon  passes  through  the  meridian  of  these  places. 
Attraction  is  strongest  on  the  equator  —  because  the  moon  is  always  nearly 
perpendicular  to  this  part  of  the  sur&ce  of  the  earth. 

On  the  continental  parts  of  the  earth,  lunar  attraction  exerts  scarcely  aoT 
perceptible  influence ;  whilst,  on  the  contrary,  the  waters  of  the  ocean  which 
cover  the  greater  portion  of  the  earth's  surface,  by  their  mobility,  more  easily 
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foUow  the  tttraotiDg  infloenoe,  and  are  eleyated  in  the  direotion  of  the  men- 
dnn  where  the  moon  is  present. 

This  eieration  of  the  waters  of  the  seas  and  oceans,  at  stated  periods,  is 
<iUed  ^Jhwy  or  flnz  of  the  tide,  and,  as  has  been  shown,  is  always  great- 
est ^  die  equator,  and  gradnallj  decreases  with  the  increase  of  latitude.  For 
example,  at  St  Malo  it  amounts  to  50  feet,  while  on  tiie  northern  part  of  the 
Nenregian  eoast,  it  is  scarcely  perceptible. 

Bireo  the  eentre  of  the  earth  is  susceptible  of  attraction  in  this  direction, 
lid  in  Bome  degree  yields  to  it;  hence  ihe  waters  on  the  opposite  side  of  the 
BRridiui  sn  elevated,  because  in  consequence  of  their  inertia  they  are  not  in 
a  oonditioD  instantly  to  obey  the  motion  of  the  attracted  earth.  Thus  the 
flood-tide  forms  a  belt  or  ring,  encompassing  the  whole  globe,  passing  through 
^  poles,  attaining  its  created  elevation  at  the  eqnator,  and  gradually  dimi- 
■Hidflg  towards  both  poles,  where  it  altoffether  disappears.  The  direction  of 
t^  iJM  wave  is  from  east  to  west,  regumted  by  the  moon's  gradual  motion 
t»fte  meridians  of  the  different  phioes. 

Gonseqnently  at  any  one  place,  during  the  space  of  24  hours,  there  are 
tvo  tides,  which  are  12  hours  apart,  and  at  the  periods  when  this  pheno- 
onoD  oeeors  in  our  locality,  the  sea  is  also  elevated  in  the  locality  of  our 
ntipodes. 

&t,  again,  if  the  oceanic  wave  is  elevated  at  the  same  period  in  opposite 
puts  of  Uie  earth,  and,  by  its  cumulative  process,  occasions,  what  is  termed, 
high  water  at  these  opposite  points,  at  the  intermediate  points  the  water 
oast  oatoially  in  the  same  measure  be  lower,  and  occasion  the  ebb  or  reflux 
^',  aid  this  reflox  must  be  greatest  at  those  points  equally  distant  from 
^  poiats  of  high  water  or  lood-tide.  All  places  lying  under  the  same 
MdiaB  have  ebb  or  reflux  tide  at  the  same  time ;  and  this  tidal  depression 
fins  a  concave  oirole  which,  in  the  poles,  cuts  the  circle  of  the  high  tide  at 
nght  angles. 

0&  the  aearshore  we  perceive,  during  six  hours,  the  waters  flowing  towards 
^  land,  aecumulating  on  the  sea-beach,  or  covering  the  flat  sands,  flowing 
^  ^  estoaries  of  tidal  rivers,  or  dashing  themselves  to  foam  and  spray  on 
tbelof^ banks  or  steep  rocky  barriers  of  the  ocean:  when  they  have  reached 
^  oaximom  height,  they  appear  quiescent  for  the  space  of  a  quarter  of 
mhour;  tiiey  then  flow  back  to  the  sea  during  six  hours  longer,  when  they 
"couBenee  their  fresh  reiterated  attacks  on  &t  firm  barriers  of  the  stable 
gnuL 

^Dttre  does  not  exist  a  more  sublime  and  fearfully  awful  spectacle,  than  the 
Ka  a&rds  when  a^tated  by  the  combined  influence  of  both  tide  and  storm. 

1^  howling  of  the  tempest,  the  roar  of  mighty  waves,  the  rushing  sound 
^  tbe  hroken  waters,  vainly  struggling  to  pass  their  appointed  bounds,  form 
iaeioe  diffieolt  to  be  imagined,  and  impossible  to  be  described. 

^  the  moon  appears  on  the  meridian,  the  following  day,  about  50  minutes 
wa  than  on  the  previous  day,  and  as  the  time  of  high  water  at  every  indi- 
^'^  place  coneeponds  with  the  lunar  motions,  the  phenomena  of  ebb  and 
^)0r  of  high  and  low  water,  can  be  ascertained  for  every  haven — an  object 
^  the  ntaiott  value  in  narigadon. 

Ib  general,  however,  the  tides  do  not  occur  so  simply  as  has  been  above 
^''Grihed.  Besides  local  pecuHurities,  such  as  the  configuration  and  position 
^the  ihoie,  oeoasional  causes,  as  winds,  &o.,  disturb  the  regular  progress  of 
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the  tide.     And  besides  these,  the  sun  has  an  important  effect  on  the  flow 
and  ebb,  accordiDg  to  his  relative  position  to  the  earth  and  moon. 

If  the  sun  and  moon  be  in  conjunction  (see  fig.  43),  by  their  combined 
influence  the  tides  are  higher,  but  if  thej  be  in  opposition,  thej  counteract 
each  other,  and  the  tides  are  lower.  The  sun's  influence  is  least^  whes  the 
moon  is  in  her  quadratures. 

EOUPSES. 

68.  Eclipses  of  the  heavenly  bodies  are  merely  the  shadows  of  certain 
opaque  bodies  thrown  upon  others  coming  within  the  verge  of  their  darkened 
sides.     If  the  luminous  body  A,  fig.  44,  be  of  larger  dimensions  than  the 


dark  body,  B,  there  originate,  in  consequence  of  the  rectilinear  propagation 
of  light,  two  sorts  of  shadows.  The  umbra  is  that  sort  of  shadow  in  which 
no  part  of  the  luminous  body  is  perceptible ;  it  forms  a  cone,  the  apex  of 
which  is  behind  the  dark  body.  As  soon  as  the  eye  is  plaeed  on  the  umbra, 
it  can  perceive  no  part  of  the  source  of  light  A,  which  appears  to  be  eclipsed. 
On  the  other  hand,  the  2}enumbra  originates  in  that  locality  where  only  a 
portion  of  the  light  proceeding  from  a  luminous  object  can  fall ;  hence  m 
eye  in  the  penumbra -would  see  a  part,  but  not  the  whole  of  the  Ulumioalaiig 
body.  This  shadow,  also,  forms  a  cone,  which,  if  exten- 
ded, the  apex  will  fall  before  the  opaque  body.  If  we 
receive  the  shadows  so  projected  at  m  n,  for  example,  on 
a  white  sheet,  we  have  in  the  centre*  a  dark  circle,  whidi 
is  the  umbra,  surrounded  by  the  penumbra,  which  gra- 
dually decreases  in  intensity  towiurds  the  exterior  (see 
fig.  45).  The  foirther  we  hold  the  sheet  from  the  body 
producing  the  shadow,  the  umbra  decreases,  md  the 
penumbra  is  enlarged. 


Lunar  Eclipse. 

69.  Let  A,  ^s.  44,  be  the  sun,  and  B  the  earth,  the  length  of  the  umbra 
of  the  latter  will  exceed  108  diameters  of  the  earth.  Since  the  moon  is 
only  about  30  terrestrial  diameters  distant  from  the  earth,  and  as  the  diameter 
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of  dw  earth's  shadow,  at  this  distance,  is  iKarlj  three  times  as  large  as  the 
apparent  diameter  of  the  mooD,  it  follows  that  when  the  latter  enters  this 
shadow,  ^e  most  be  totally  eclipsed. 

If  the  moon's  orbit  mm  eoincident  with  the  ecliptio,  or  if  both  moon  and 
earth  moved  roand  the  son  in  the  same  plane,  there  would  be  an  eclipse  at 
eTeiy  conjunction,  and  at  every  opposition,  (see  §  65),  i.  e.^  a  solar  eclipse 
woold  happen  at  every  new  moon,  and  a  lunar  eclipse  at  every  full  moon. 
But  we  have  seen  that  the  lunar  orbit  cuts  the  ecliptio  only  in  two  points 
(Nodesy  §  64) ;  consequently,  an  eclipse  of  the  moon  is  poesihle  only  when, 
it  the  time  of  opposition,  the  moon  is  in  one  of  her  nodes,  or  in  close 
proumity  to  it,  which  can  only  occur  29  times  in  the  space  of  18  years. 

70.  A  lunar  eclipse  begins  on  the  eastern  margin  of  the  moon,  and  is 
either  totals  when  her  whole  disc  enters  the  umhra,  or  partialy  when  only 
part  of  der  disc  is  in  the  shadow.     A  total  eclipse  may  last  for  two  hours. 

Eclipses  of  the  moon  are  visible  at  all  points  of  the  nocturnal  hemisphere 
of  ihe  earth,  if  the  moon  be  above  their  horizon,  and  the  eclipse  will  be  of 
equal  duration  and  equal  magnitude.  If,  however,  the  places  of  observation 
lie  at  a  considerable  distance  east  and  west  of  each  other,  the  commencement 
and  termination  of  the  eclipse  will  be  perceived  at  different  times;  and 
hereby  we  have  the  means  of  determining  the  longitude,  i.  e.,  the  distance 
of  the  observer  from  the  first  meridian  (see  §  25).  The  greater  the  distance 
between  two  places,  the  greater  will  be  the  difference  of  time  at  which  an 
eclipse  will  begin  or  end  kt  the  two  places.  Suppose  for  the  one  place  the 
edipse  b^ns  at  10  p.m.,  and  at  a  place  farther  to  the  west  at  11  p.m.,  we 
laow  that  the  difference  of  the  longitude  of  the  two  places  is  15^.  The 
eireolar  outline  of  the  earth's  shadow  on  the  moon,  is  a  notable  proof  of 
the  sphericity  of  the  earth. 

Solar  EoLipas. 

71.  When  the  moon  and  the  sun  are  in  conjunction,  the  moon's  place 
maj  be  represented  by  M,  fig.  4d,  between  the  earth  T,  and  the  sun  S.  If 
ths  cGojunotion  occur  when  the  moon  is  in  one  of  her  nodes,  or  within  16^ 
of  it,  the  shadow  of  the  moon  will  hil  upon  the  ^rth,  and  the  sun  will  be 
ecGpeed.  This  can  only  happen  41  times  in  18  years ;  and  it  will  presently 
be  shown  that,  at  any  one  place,  an  ecUpae  of  the  sun  is  three  times  less 
fequent  than  an  eclipse  of  the  moon. 

The  loDar  nmbra  extends  from  the  moon  a  space  about  equal  to  her  dis- 
tmen  from  the  earth,  and  hence  only  a  small  portion  d  of  the  earth's  sur- 
€ve  enters  the  lunar  umbra.  To  the  inhabitants  of  this  part  of  the  earth 
the  son  will  be  totally  eclipsed,  and  the  eclipse  will  be  annular  if  only  the 
aargio  of  the  sun's  disc  remain  uneolipsed  by  the  lunar  shadow.  This  is 
(aAj  pcttBible  when  the  moon  is  in  her  apogee,  or  greatest  distance  from  the 
earth,  where  her  apparent  diameter  is  less  than  that  of  the  sun,  which  it 
cannot,  in  general,  exceed  more  than  V  88".  Hence  the  duration  of  a  total 
eclipse  cannot  be  more  than  34  minutes. 

Ontbe  contrary,  the  penumbra  of  the  moon  is  diffused  over  a  much  larger 
portion  n  m,  of  the  sm&ce  of  the  earth,  since  its  section  is  five-ninths  of 
the  earth's  diameter.     The  inhabitants  of  this  portion  of  the  earth  do  not 
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receive  light  from  all  parts  of  the  bud,  coDsequently  tijpart  of  this  luminaiy 
is  invisihle  to  them,  and  the  eclipse  is  said  to  he  partiaL 

Solar  eclipses  commence  on  the  western  marein  of  the  snn,  and  advaiioe 
to  the  eastern.  On  account  of  the  proximity  of  the  moon  to  us,  an  ecBpse 
of  the  sun  is,  in  all  places  ahove  the  horizon  of  which  the  san  appears, 
Tisihle  neither  at  the  same  time,  nor  is  it  of  equal  duration,  nor  of  equal 
extent :  in  some  parts  it  may  not  he  visihle  at  alt  In  favourable  sitaations, 
the  diameter  of  the  umbra,  where  it  reaches  the  earth,  amounts  to  about 
167  miles,  and  in  this  small  strip  of  the  earth's  surface  only  can  the  sun 
appear  totally  eclipsed.     « 

Planets. 

72.  It  has  been  already  stated  (§  45)  that,  on  an  attentive  observation 
of  the  heavenly  bodies,  certain  stars  are  observed  which  obviously  change 
their  positions  in  relation  to  the  fixed  stars,  and  which  have  therefcnre  been 
called  planets,  or  wandering  stars. 

If  examined  through  a  telescope,  they  appear  considerably  magnified, 
with  commensurable  discs  illuminated  by  the  sun,  whose  light  they  leodve 
and  reflect  In  these  respects  they  difl^r  essentially  from  the  fixed  stan, 
which  even  under  the  greatest  magnifying  power  appear  only  as  small  lumi- 
nous points,  and  are  considered  to  be  self-illuminated  bodies,  or  bods,  at 
enormous  distances. 

Compared  with  the  fixed  stars,  the  planets  are  at  moderate  distancea,  and 
insignificant  in  number,  but  in  other  respects  they  are  invested  with  a 
remarkable  interest. 
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The  pknetaiy  motions  are  confined  to  the  portion  of  the  heavens  called 
the  Zodiac  (see  §  60).  But  how  essentially  different  are  their  orbits  from 
those  of  the  sun  and  moon !  Whilst  these  preserve  a  uniformity  of  motion, 
descnbiDg  equal  arcs  in  definite  spaces  of  time,  advancing  from  west  to  east, 
from  one  constellation  to  another,  till  they  have  completed  a  whole  circuit 
of  the  heavens,  we  perceive  that  the  case  is  widely  different  with  the  planets. 
Sometimes  they  advance  rapidly,  then  relax  their  apparent  speed,  then  stand 
hr  some  days  perfectly  still,  and  then  reverse  their  motions,  and  again 
describe  an  irregular  line, 

somewhat  like  the   repre-  ^.^-—""^  ^ 

sentatioD  in  fig.  47.  The 
planet's  course,  W  V,  in 
the  direction  of  the  sun's 
puh,  is  called  its  direct  mo- 
tkm,  and  its  reverse  motion,  47, 

V  S,  is  called  retrograde, 

apd  between  these  two  kinds  of  motion  the  planet  is  always  for  a  time  sta- 
tiooary.  We  also  perceive  that  half  of  a  planet's  course  is  on  the  north 
and  half  on  the  south  side  of  the  ecliptic,  E  C ;  consequently  their  orbits 
eat  the  ecliptic  at  two  opposite  points,  termed  nodes,  similarly  to  the 
moon's. 

Sefore  we  arrived  at  the  correct  knowledge  of  the  planetary  courses,  and 
the  relation  of  these  bodies  to  the  sun,  nothing  was  more  difficult  than  the 
ofknation  of  their  peculiar  motions.  All  the  attempts  of  the  earlier  erro- 
neous sjstems  of  astronomy  were  wrecked  by  the  planets,  and  thereby  proved 
at  OQce  &eir  inaocaraoy  or  insufficiency. 

73.  The  sun  is  not  only  the  centre  of  attraction  for  our  earth,  which 
^oenbes  its  elliptio  coarse  around  him,  but  also  for  a  great  number  of  other 
besrenly  bodies,  the  first  of  which  are  the  planets,  among  which  the  earth 
itself  must  be  idassed. 

We  know  at  the  present  day  83  planets,  and  from  recent  discoveries  we 
IttVB  groand  fimr  the  assomption  that  more  planets  are  discoverable. 

^  planets  present  essential  differences  in  magnitude,  distance  from  the 
^,  celerity  of  movement,  and  in  physical  characters ;  they  all  agree  in 
^)  opaqueness,  and  in  the  ellipticity  of  their  orbits  around  the  sun, 
vhkh  lie  almost  in  one  plane.  A  rotatory  motion  on  their  aies  has  been 
obvfed  in  so  many,  that  it  is  a  fair  assumption  that  they  all  possess  this 
Pwpoty. 

74.  The  planets  may  be  systematically  represented,  relatively  to  each 
other  and  to  the  sun,  by  drawing  them  of  proportionate  magnitude,  and  at 
p^partboate  distances,  on  a  table,  or  even  on  a  sheet  of  paper.  The  sun 
%  of  coarse,  to  be  assumed  as  the  fixed  and  common  centre  of  attraction, 
'^nuid  which  the  orbits  of  the  planets  may  be  described  either  as  circular 
oreffiptieaL 

A  tfderably  satisfaotOTy  diagram  of  the  relative  distances  of  the  planetary 
wdies  may  be  constructed  by  assuming  the  mean  distances  of  these  bodies 
^  the  sun,  as  the  radii  of  a  succession  of  concentric  circles,  each  one 
'fF^ieotbg  the  orbit  of  a  single  planet.  In  order  to  describe  their  ellip- 
^Jojj,  the  larger  diameter  and  eccentricity  (§  13)  must  be  given. 

The  planets  situated  nearer  than  the  earth  to  the  sun,  of  which  there  are 
13 
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only  two,  Mercury  and  Venus,  we  distinguish  by  the  title  inferior  planets ; 
those  moving  in  orbits,  lying  on  the  outside  of  the  earth's  orbit,  we  call 
superior  planets,  which  include  all  the  other  planetary  bodies. 

By  the  term  ancient  planets,  we  understand  those  that  have  been  known 
since  the  most  remote  ages,  vis.,  Mercury,  Venus,  the  Earth,  Mars,  Jupiter, 
and  Saturn ;  whilst  the  rest,  discovered  since  the  invention  of  telescopes,  are 
styled  modem  planets. 

The  following  tables  comprehend  the  most  important  relations  of  the 
planets : — 
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11.  Iris  
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18.  Metis 
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77 

82.  Uranus 

88.  Neptune.... 
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Herschel ... 

Adams  and 
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899,889,629,687 
5,27* 

1,416,22 

Moon 

iV 

*  The  apparent  diameter  is  expressed  by  the  number  of  seconds  contained  in  the  angle  under  wbicli 
the  planet  is  seen  fhnn  the  earth  at  its  shortest  distance. 

The  smaller  and  recentlj-disooTered  planets  are  usually  called  Asteroidn.  For  theee,  recent  odmea 
■urements  prove  that  the  aboroHMsigned  diameters  are  too  large. 
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223,034,070 

65,813 

10.  Hebe 

228,771,880 
*'246,'365*,'2o6 

11.  Parthenope 

12.  Astrea 

13.  Egeria 

14.  Juno 

15.  Ceres 

16.  Pallas 

17.  Hygeia .... 

18.  Irene 

19.  Jupiter.... 

20.  Saturn 

21.  Uranns  ... 

22.  Neptune... 

253,000,000 
268,000,000 
265,000,000 

61,909 
60,821 
60,820 

'44,862 
32,757 
28,098 

486,000,000 

890,000,000 

1,800,000,000 

8,446,722,500 

9    56 

10    16 

7      5 

4,833 
10,758 
80,687 

75.  The  two  inferior  plaDets,  Mercury  and  Venus,  have  phenomena  in 
Bome  respects  similar  to  those  of  the  moon.  As  they  move  hetween  the  orbit 
of  the  earth  and  the  sun^  they  enter  with  these  bodies,  at  certain  times,  into 
»  twofold  conjunction,  viz.,  in  an  inferior  conjunction,  when  the  planet  is 
between  the  snn  and  the  earth,  and  in  a  superior  when  it  is  beyond  the  sun, 
and  in  the  same  straight  line  with  the  earth.  During  the  superior  conjunc- 
tioD,  which  frequently  occurs  in  the  planet  Mercury,  caused  by  the  rapidity 
of  its  orbitual  motion,  we  occasionally  obtain  a  view  of  this  body,  as  a  dark, 
roond  speck  passing  over  the  sun's  disc.  This  passage  over  the  sun  is  called 
the  froHstt  of  Mercury,  and  it  affords  a  convincing  proof  that  the  planets 
derive  their  light  from  the  sun. 

In  certain  positions  towards  the  sun,  when  viewed  through  a  telescope, 
diis  planet  clearly  exhibits  certain  alterations  of  form,  which  are  called  phases. 
Tenus,  at  certain  periods,  and  especially  in  the  morning,  after  being  for  some 
time  invisible,  appears  as  a  bright  sickle.  Venus  is  in  general  readily  recog- 
nised by  her  brilliancy  and  considerable  apparent  magnitude,  as  well  as  by 
her  proximity  to  the  sun.  In  consequence  of  this  proximity  she  is  visible 
alirays  at  the  time  of  sunrise  and  sunset,  and  hence  she  has  received  the 
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name  of  morning  and  evening  star  (Lucifer  and  Hespcras).  An  atmosphere 
and  lofty  mountains  have  been  observed  in  this  planet,  and  a  rotatory  motion 
about  her  axis,  which  lies  nearly  in  the  plane  of  her  orbit 

76.  The  superior  planets  describe  their  paths  around  the  sun  and  earth, 
and,  consequently,  they  enter  into  conjunction,  opposition,  and  quadrature 
to  these  bodies  (see  §  65).  The  nearest  to  us,  viz.,  the  planet  Margy  is  dis- 
tinguished by  a  remarkable  dusky-red  light  (colour),  which  has  been  ascribed 
to  a  very  high  and  dense  atmosphere. 

Mars  is  likewise  remarkable  for  his  oblateness,  which  is  produced  by  the 
motion  round  his  axis,  as  well  as  for  the  bright  spots  observed  in  the  vicinity 
of  his  poles,  forming  the  so-called  snoto-zones,  which  decrease  when  the  pole, 
where  this  phenomena  is  observed,  is  turned  to  the  sun ;  similar  to  the  phe- 
nomena observed  on  the  polar  regions  of  the  earth. 

Jupiter  is  distinguished  both  by  his  splendour  and  by  his  magnitode, 
being  the  largest  of  the  planets,  as  has  been  shown  in  Table  I.,  as  well  as  by 
different  belts  or  zones  which  are  parallel  with  his  equator.  An  atmosphere 
has  been  attributed  to  this  mighty  planet.  The  velocity  of  its  rotatory 
motion  is  enormous,  being  accomplished  round  its  almost  perpendicular  axis 
in  the  space  of  10  hours,  or  at  the  rate  of  28,000  miles  an  hour.  Ite  oblate 
figure  is  (Com.  Phys.,  §  56)  a  consequence  of  the  celerity  of  its  rotation ; 
its  diameter  at  the  poles  compared  with  that  of  the  equator  is  as  13  :  14. 

This  stupendous  planet  is  accompanied  by  four  moom  or  mielliies  which 
present  similar  appearances  to  the  inhabitants  of  Jupiter,  as  the  moon  to  us. 
Although  these  moons  are  considerably  larger  than  ours,  they  arc  only  visible 
by  telescopic  aid.  They  are  remarkable  as  affording  data  for  caloalating  the 
velocity  of  light.  As  these  moons  revolve  around  Jupiter,  they  enter  from 
time  to  time  in  the  umbra  of  that  planet,  and  are  eclipsed.  After  the 
moment  of  immergence  and  emergence  had  been  exactly  calculated,  it  was 
found  that  at  the  time  of  conjunction,  Vhen  the  earth  and  Jupiter  are 
193,662,000  miles  distant,  the  eclipses  of  Jupiter's  satellites  appear  conside- 
rably later  than  when  the  same  phenomenon  takes  place  at  the  time  of  their 
opposition,  when  the  two  planets  are  nearer  to  each  other.  The  last  rays  of 
a  satellite,  disappearing  in  the  shadow,  reach  us  some  time  after  the  body  is 
actually  eclipsed,  consequently  the  light  requires  a  certain  time  to  travel  to 
the  earth,  and  this  time  amounts  to  a  second  for  195,000  miles. 

77.  The  planet  Saturn  is  peculiar  for  an  annular  disc  which  surrounds  it 
in  the  neighborhood  of  its  equator,  and  rotates  freely  round  the  planets     It 

is  only  visible  to  the  aided  eye  in 
certain  positions,  viz.,  when  Saturn  is 
in  the  signs  of  Aries  and  Cancer  (fig. 
48).  By  attentive  observation,  this 
disc  is  discovered  to  consist  of  three 
rings,  which  like  the  mass  of  the 
planet  are  solid,  and  cast  a  shadow, 
clearly  visible  on  the  surface  of  the 
planet.  This  ring  may  be  represent^Ki 
as  consisting  of  a  large  number  of  small  satellites  arranged  in  a  contigaous 
annular  form,  and  performing  their  revolutions  round  the  planet  in  the 
same  time. 

Besides  the  ring,  Saturn  is  accompanied  by  sa^ea  moons  revolving  round 
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bim  at  greater  distanoes,  and  are  likewise  only  visible  by  the  aid  of  a  pow- 
erfiil  telescope. 

78.  Till  lately  Urarms  was  the  most  remote  planet  of  our  system ;  it  is 
scarcely  visible  to  the  naked  eye,  and  w^as  unknown  to  the  ancients.  It  is 
attended  by  six  satellites,  of  which  only  two  have  been  accurately  observed. 

The  recently  discovered  planets  we  shall  notice  below. 

Planetary  System. 

79.  The  renowned  Ptolemy,  who  lived  about  the  middle  of  the  2nd  cen- 
twy  of  our  era,  and  who  belonged  to  the  celebrated  Alexandrian  school, 
Bade  the  first  attempt  to  classify  and  explain  the  phenomena  of  the  heavenly 
bodies,  by  laws  founded  on  observation.  Antiquity  solved  all  such  questions 
as  might  originate  in  an  enlightened  curiosity  on  mythic  principles,  poetical 
and  fuicifaly  sometimes  beautiful,  but  very  illogical  and  unscientific. 

Aecording  to  the  Ptolemaic  system,  the  earth  is  in  the  centre  of  11  hollow 
BfkeKBj  arranged  concentrically  within  each  other,  and  consequently  placed 
it  different  distances,  and  of  correspondingly  increased  magnitudes.  In  each 
one  of  ^ese  hollow  spheres,  which  were  necessarily  supposed  to  be  of  the 
purest  crystal,  the  heavenly  bodies  were  arranged  in  the  following  order,  viz., 
the  Moon,  Mercury,  Venus,  Sun,  Mars,  Jupiter,  and  Saturn  :  in  the  eighth 
ojst&lHne  sphere  the  fixed  stars  were  supposed  to  be  placed.  The  last  three 
were  reserved  for  the  explanation  of  certain  other  phenomena. 

It  is  evident  that  this  system  is  decidedly  contradicted  by  many  phenomena, 
md  as  this  was  then  manifest,  the  Egyptian  planetary  system  was  proposed 
ai  an  improvement.  Mercury  and  Venus  were  made  satellites  of  the  Sun, 
who  still  continued  his  journey  around  the  earth.  Still  many  remarkable 
phenomena  were  unexplained,  and  especially  the  peculiar  movements  of  the 
planets  described  in  §  72.  This  portion  of  the  science  appeared  so  enigma- 
tieal,  that  its  votaries  were  compelled  to  take  refuge  in  many  fantastical 
assamptions. 

The  true  system  of  the  universe  was  undiscovered  till  near  the  middle  of 
Ae  16th  century,  when  Copernicus,  who  was  bom  in  1473,  and  died  in 
1543,  comprehended  this  vast  problem,  and  originated  the  happy  idea  of  the 
true  solar  system,  an  idea  which  he  cherished  during  the  whole  course  of  his 
Hie,  and  laboured  to  establish  on  the  sure  basis  of  reckoning  and  observation. 
He  maintained  that  the  sun  was  the  centre  of  the  system,  that  the  planets 
moved  around  the  sun  in  circular  orbits,  and  he  farther  taught  that  the  daily 
BotioD  of  the  heavenly  bodies  was  only  apparent,  and  caused  by  the  rotation 
of  omr  earth. 

The  perseontion  of  Galileo,  the  eminent  Italian  astronomer,  is  a  proof 
that  the  spreading  of  such  new  oosmical  doctrines  was  not  unattended  with 
danger  to  their  supporters  and  abettors.  This  great  man,  who  adopted  and 
&rtber  developed  the  Copernican  system,  was  compelled  to  recant  his  real 
<^iiik>ii8,  and  to  profess  his  belief  in  the  immobility  of  the  earth,  because 
the  whole  system  stood  in  verbal  .opposition  to  some  passages  in  the  Holy 
Scriptures. 

80.  There  were  still  several  inexplicable  phenomena,  such  as  the  change 
of  planetary  velocity,  at  certain  periods,  and  the  evident  alterations  of  their 
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apparent  magnitudes,  both  appearances  inconsistent  ^th  the  assumption  of 
their  moving  in  perfectly  circular  orbits. 

At  this  period  appeared  the  great  Keppler,  bom  at  Weil,  in  Wurtemberg, 
1571,  who  availed  himself  of  all  the  hitherto  ascertained  facts  connected  with 
Astronomy,  and  especially  of  the  observations  of  bis  distinguished  contem- 
porary, Tycho  Brahe ;  by  these  means  Keppler  developed  the  ever-memorable 
laws,  which  have  rendered  hb  merits  unsurpassed  and  his  name  immortal. 
This  illustrious  man  had  to  maintain  a  feaiful  struggle  with  the  common 
domestic  miseries  of  life,  and  with  the  outward  calamities  of  war,  was  driven 
from  one  place  to  another,  with  no  earthly  possession,  but  his  own  elevate 
conceptions. 

81.  Eeppler's  laws  are  the  following : — 

1.  The  orbits  of  the  planets  are  eUvpses,  which  have  a  common  foeofl 

wherein  the  sun  is  placed. 

2.  Equal  areas  are  described  by  the  pkwii  in  equal  times ;  that  is, 

the  radii  vootores  drawn  from  the  focii  (§  13;  to  the  planet,  will 
always  stretch  over  an  equal  space  in  the  same  duration  of  time 
in  which  the  planet  itself  moves,  it  being  indifferent  what  portion 
of  its  orbit  the  planet  may  in  the  meanwhile  traverse. 
8.  The  squares  of  the  times  of  revolution  of  any  two  planets  are  to 
each  other  in  the  same  proportion  as  the  cubea  of  their  mean 
distances  from  the  sun. 

The  world-renowned  Newton  placed  the  key-stone  upon  the  noble  edifice 
founded  by  his  great  predecessor.  By  the  discovery  of  the  law  of  grayitation, 
he  completed  the  theoretic  view  of  the  planetary  system.  He  demonstrated 
that  the  cause  of  all  the  motions  of  the  heavenly  bodies  originates  in  their 
mutual  attraction  towards  each  other  ]  and  also-  that  t.hifl  attrfAH^^  power  in^ 
eveases  in  proportion  to  the  masses-ef  the  bodies  attracted,  and  dimiBioLes  the 
farther  the -attracting,  bodies  are  distant  from  each  ether.     (Physics,  §  24.) 

The  Newtonian  laws  explain  how  all  the  planets,  whose  united  magnitudes 
are  not  equal  to  that  of  the  sun,  are  bound  to  the  latter  by  the  invisible  bond 
of  attraction,  and  how  the  satellites,  as  our  moon,  with  those  of  Jupiter  and 
Saturn,  are  connected  with  their  primaries. 

82.  By  the  establishment  of  these  laws,  astronomers  were  in  a  ooDdition 
to  supply  many  deficiencies,  and  to  correct  many  errors  which  still  existed  in 
the  science ;  every  discovery,  and  every  new  and  careful  observation,  served 
to  confirm  the  truth  of  these  principles. 

The  extensive  space  between  the  orbits  of  Mars  and  Jupiter  led  to  the 
idea,  that  an  unknown  planet  must  exist  between  them ;  th&  cpnsequenoe  was 
that  ismt  small  planets,  viz.,  PcdlaSj  Juno,  Ceres,  and  Vesta^  ^||||e,discovered, 
and  they  are  supposed  to  be  fragments  of  a  greater  planet.  Concerning 
the  newly-discovered  asteroids  we  have  not  yet  obtained  very  satisfactory 
accounts. 

There  is  no  doubt  that  the  planets  have  a  mutual  attraction  for  each  other, 
which  in  certain  parts  of  their  orbits,  where  they  approach,  is  sensibly  felt. 
The  irregularities  apparent  in  the  motion  of  certain  planets  have  been  referred 
to  this  cause ;  they  have  been  named  disturbances  or  perturbations,  and  have 
been  in  some  cases  exactly  calculated. 

From  inexplicable  perturbations  of  the  planet  Uranus,  it  was  conjectured 
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tbat  aDother  planet  must  be  in  exiBtence;  and  its  place  was  even  determined 
by  calculation :  thus  the  recently-discovered  planet  Neptqne,  which  in  con- 
sequence of  the  feebleness  of  its  light  would  probably  still  have  remained  a 
loQg  time  nnobseryed,  was  shown  to  exist 

COBCKTS. 

83.  On  the  nocturnal  heavens,  from  time  to  time,  there  appear  luminous 
bodies  oonsistinff  of  a  more  brilliant  star-like  portion,  called  the  head,  which 
is  commoTilj  followed  on  the  side  turned  from  the  sun  by  a  luminous  taily 
which  fireqneotly  measures  millions  of  miles  in  length. 

These  Ixxlies  are  called  comets,  and  were  long  deemed  supernatural  prog- 
nostications of  great  events,  or  perhaps  the  harbingers  of  terrible  calamities. 
It  is  not  long  since  the  appearance  of  a  comet  was  considered  a  cause  for 
general  alarm. 

Bnt  since  the  nature  of  these  irregular  visitants  of  our  skies  has  been  in- 
vestigated by  astronomers,  and  the  periodicity  of  some  ascertained,  they  have 
eeised  to  be  objects  of  terror  and  superstitious  dread. 

84.  Comets  are  material  bodies  deriving  their  light  from  the  sun.  Their 
substance  is  of  such  extraordinary  tenuity,  that  even  through  their  nucleus 
the  light  of  distant  fixed  stars  is  plainly  visible.  They  are  certainly  attracted 
1^  die  SQXkj  as  their  motions  are  accelerated  and  their  brightness  increased 
when  nearest  to  this  luminary. 

Like  the  planets  they  are  subject  to  great  irregularities  in  theij^orbits,  only 
in  a  nrocb  higher  degree  :  and  they  also  differ  from  the  planets  m  not  being 
Ibnited  to  the  plane  of  the  ecliptic,  but  moving  in  all  imaginable  directions, 
sometimes  approaching  so  near  the  sun  as  to  be  absorbed  in  his  splendour, 
and  on  their  reappearance  receding  from  the  sun  till  they  are  gradually  lost 
in  the  immensity  of  space.  Hence  a  comet  is  visible  only  for  a  few  days, 
or  weeks,  or  months;  they  are  never  seen  for  longer  periods. 

By  very  accurate  observation  it  has  been  ascertained  that  their  orbits  like 
tlKise  of  the  planets  are  elliptical,  but  of  greater  eccentricity,  so  great,  indeed, 
that  their  periodiMl^  is  of  very  long  duration ;  and  some  of  the  most  remark- 
aMe  and  beautiful  comets,  as  those  of  1680  and  of  1811;  are  expected  to 
return  in  from  1,500  to  8,000  years. 

&>me,  on  the  other  hand,  reappear  after  shorter  intervals,  as  those  named 
after  Halley,  Encke,  and  Biela,  which  have  been  accurately  calculated  by 
these  astronomers.  The  first  has  been  determined  to  complete  its  revolution 
in  from  75  to  76  years,  the  second  in  three  years  and  115  days,  and  the  last 
in  6  years  and  270  days,  and  they  have  been  several  times  observed  after 
these  intervals. 

Hitherto  about  500  comets  have  been  seen,  of  which  number  not  probably 
more  than  150  have  been  accurately  observed.  According  to  astronomical 
observations,  the  greater  part  of  them  appear  to  describe  orbits  which  are 
neither  circular  nor  elliptic,  but  parabolic  (§  14),  and,  consequently,  their 
letnm  is  impossible,  being  lost  in  infinite  space,  and  they  are  no  longer  to 
be  considered  as  constituting  a  part  of  our  solar  system.  It  has  been,  how- 
ever, eonjectuifd  that  the  number  of  comets  belonging  to  our  system  may 
amount  to  about  a  million ;  and  since  they  present  themselves  in  all  direc- 
tloia,  we  may  assume  the  realm  of  the  sun  to  be  not  a  circular  plane,  in  the 
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oentre  of  which  is  placed  the  bud,  and  in  whose  circumference  the  pUnets 
move,  but  we  must  imagine  the  occupied  space  of  our  solar  system  to  be  of 
a  globular  form.  If  it  be  desired  to  convey  an  idea  of  the  solar  system  by 
a  models  this  may  be  easily  accomplished  by  means  of  a  great  number  d 
hoops  of  different  diameters,  inclined  to  each  other  in  all  directions  around  a 
common  centre ;  the  diameter  of  the  exterior  being  not  less  than  400  diame- 
ters of  the  earth's  orbit,  therefore  upwards  of  73,776  millions  of  miles. 

System  of  the  Universe. 

85.  After  it  had  been  satisfactorily  determined  that  the  sun  has  a  rotatoiy 
movement  about  his  axis,  the  conjecture  was  entertained  that  this  body  has 
also  a  progressive  motion  at  the  same  time.  We  have  indeed  satisfBtctorj 
accounts  of  observations  confirmatory  of  this  fieust,  viz.,  that  the  sun  moves 
towards  a  point  in  the  firmament  which  is  situated  in  the  constellation  of 
Hercules,  His  real  path  or  orbit  is,  however,  of  such  exceedingly  enormoos 
extent  that  the  progress  of  the  sun  cannot  be  ascertained  till  after  a  lapse  of 
many  years,  and  especially  as  all  the  bodies  belonging  to  the  solar  system 
necessarily  accompany  him  in  this  progress. 

It  may  at  all  events  be  admitted,  that  there  is  a  point  in  the  heavens  about 
which  our  entire  solar  system  revolves,  in  the  same  manner  as  Jupiter  and 
his  satellites  move  round  the  sun. 

More  extensive  observations  of  the  heavenly  bodies  have  confirmed  the 
conviction,  that  the  fixed  stars  constitute  the  centres  of  innumerable  systems, 
which  are  in  part  like  that  of  our  sun,  and  in  part  composed  only  of  two 
stars  which  at  a  short  distance  from  each  other,  revolve  round  their  common 
centre.  These  are  named  binary  or  double  stars,  and  the  number  hitherto 
observed  amounts  to  4,000. 

According  to  Herschel,'*'  the  sun  is  a  portion  of  a  system  of  a  higher  order, 
which  may  be  represented  as  of  a  lens  form,  fig.  49.  Here  the  position  of 
our  system  is  indicated  by  the  little  circle  O-  It  is  evident  that  the  heavens 
will  present  to  our  view  fewer  stars  when  we  look  upwards  or  downwards, 

than  when  we  look  in  the  diiection  mmf.  In 
the  latter  case  we  have  a  view  through  layers 
of  stars  placed  behind  each  other,  and  forming 
a  thickly  studded  zone  around  us  which  we  have 
49.  in  §  46  described  as  the  Milky  Way.    It 

must,  however,  be  admitted  that  the  above- 
mentioned  view  regarding  the  arrangement  of  our  solar  system  is  by  no 
means  unquestioned. 

»  Herschel  (bom  in  1788,  died  in  1822)  came  to  London  in  1759,  as  a  mnsical  com- 
poser and  professor.  He  subsequently  devoted  himself  to  the  study  of  astronomy, 
and  engaged  in  the  construction  of  telescopes,  with  the  view  of  procuring  f\inds  for 
the  erection  of  a  larger  instrument  than  had  hitherto  been  employed.  He  was  so 
successful,  that  finally  he  acquired  the  means  of  possessing  one  of  40  feet  focus,  viz., 
the  gigantic  telescope  which  surpassed  in  pow*?  all  instruments  preriously  con- 
structed. Wherever  Herschel  turned  his  instrument,  new  celesti^  wonders,  not 
hitherto  even  surmised,  disclosed  themselves  4o  his  admiring  eym.  He  has  tke 
honour  of  being  the  discoverer  of  the  world  of  fixed  stars.  The  telescope  is  no 
longer  used,  and  has  been  converted  by  his  distinguished  son,  Sir  J.  Herschel,  into 
a  monument  in  memory  of  his  illustrious  parent 
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86.  Bat  if  we  consider  the  nebulous  specks  that  are  dispersed  anions  the 
eoDsteUations,  many  of  which  by  means  of  very  powerfal  telescopes  have  oeen 
resolved  into  groape  of  stars,  while  others  cannot  be  so  identified  on  account 
of  their  vast  distances,  ought  we  not  to  conclude  that  these  very  remote  and 
indiscernible  bodies  form  the  Milky  Ways  of  other  stellar  systems  ? 

When  we  consider  that  the  nearest  of  the  fiied  stars  is,  at  the  very  least, 
200,000  times  the  radius  of  the  earth's  orbit  distant  from  us,  and  that  three 
jeus  would  elapse  during  the  passage  of  light  from  that  body  to  our  globe, 
it  may  be  assumed  that  a  period  of  25000  years  would  be  requisite  to  bring 
to  our  eyes  the  light  from  oue  of  the  most  remote  nebulous  spots,  and  that 
eoDsequenUy  the  distance  of  this  remote  object  must  be  152,163  billions  of 
miles. 

Thus  we  have  from  the  little  beacon  of  our  earth,  on  which  we  have  been 
placed  by  an  Almighty  Hand,  taken  a  oomprehensire  survey  of  the  solar 
i}rstem ;  we  have  also  seen  that  thb  forms  only  a  part  of  an  jjifisMy  higher 
Older,  which  last  may  only  be  a  small  part  of  the  wM^e  whole.  Here  we 
find  ooraelves  beyond  the  bounds  of  the  comprehensible,  and  are  aware  that 
imagination  herself  b  lost  in  these  wonderfully-sublime  speculations. 

The  majesty  and  omnipotence  of  the  Most  High  are  displayed  to  our  won- 
dering gaae  and  to  our  bewildered  minds,  and  we  are  ready  to  exclaim  with 
the  prophet:  ^^lAft  up  your  eyes  on  high,  and  behold  who  hath  created 
tkete  thingt/' 


[Sir  Isaac  Newton.] 
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CHEMISTRY. 


1.  Chsmtstry  is  the  science  of  those  phenomena  which  are  attended  by  an 
«ential  change  of  the  objects  in  which  the  phenomena  are  observed,  or  in 
tfwfle  which  serve  for  their  production. 

When  a  piece  of  wood  or  a  fragment  of  coal  is  burned,  or  a  bar  of  iron 
nisted,  these  objects,  in  fact,  suffer  an  essential  change,  and  a  series  of 
phenomena  must  be  exhibited  in  order  to  restore  these  various  bodies  to 
their  original  condition. 

An  object  changed  by  chemical  action  has  naturally  acquired  new  pro- 
perties, otherwise  we  could  not  say  that  it  is  changed  at  all.  Hence  chemical 
phenomena  are  characterised  by  this  important  distinction,  namely,  that  their 
resulte  are  always  the  production  or  appearance  of  a  body  endowed  with  new 
qailities.  The  rust  observed  on  the  iron,  which  is  the  result  of  chemical 
action,  is  essentially  very  different  from  the  iron  itself 

Bat  we  shall  be  in  a  better  position  to  ascertain  the  changes  a  bodv  under- 
goes hy  acquiring  a  precise  knowledge  of  the  properties  it  possessed  before  it 
suffered  the  chemical  change.  Hence  the  object  of  chemistry  is  to  ascertain, 
&Bt,  the  essential  nature  of  bodies,  then  the  changes  which  they  undergo, 
(203) 
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and,  finally,  the  characters  of  bodies  endowed  with  other  properties,  the 
results  of  this  change. 

2.  We  have  been  taught  by  the  science  of  Physics  (§  11)  that  everybody 
is  assumed  to  be  composed  of  an  agglomeration  of  exceedingly  minute  atoms. 
If,  now,  we  examine  difierent  bodies,  we  find  that  the  atoms  or  molecules 
which  constitute  their  mass  are  in  most  cases  of  dissimilar  qualities.  There 
are  two  processes  whereby  we  are  enabled  to  prove  this.  The  preparation  of 
the  beautiful  crimson  colour  known  under  the  name  of  cinnabar,  or  vermilion, 
is  conducted  in  manufactories  in  the  following  manner :  16  parts  by  weight 
of  sulphur  are  fused,  and  then  100  parts  of  mercury  are  gradually  added, 
when  a  black  mass  is  produced.  This  is  placed  in  a  covered  jar,  and  exposed 
for  a  long  time  to  a  high  temperature.  On  breaking  the  jar,  when  it  is  oold, 
we  find  at  the  upper  part  of  it  a  red  mass  which,  when  finely  pulverized, 
forms  the  vermilion  of  oommerce.  In  carefully  conducted  and  successful 
operations  we  obtain  an  amount  of  vermilion  nearly  equal  in  weight  to  that 
of  the  sulphur  and  mercury  employed.  Hence  we  may  justly  assume  that 
in  the  vermilion  there  is  only  sulphur  and  mercury  present.  If  we  mix  116 
parts  by  weight  of  vermilion  with  28  parts  of  iron  filings,  and  heat  it  in  a 
retort,  we  obtain  in  the  receiver  nearly  100  parts  by  weight  of  metallic 
mercury  (see  Phys.,  §  129).  In  the  retort  remains  a  black  mass  amounting 
to  44  parts  by  weight,  and  which  is  osMedi.  sulphide  of  iron.  In  addition  to 
the  28  parts  of  iron  which  have  been  added,  it  contains  the  16  parts  of 
sulphur  which  had  previously  formed  with  the  mercury  the  vermilion. 

These  two  simple  experiments  teach  us  that  in  the  minutest  particles  of 
vermilion  two  difierent  elements  are  present,  namely,  mercury  and  sulphur, 
and  although  they  cannot  be  distinguished  by  the  best  microscope,  we  can 
easily  prove  the  fact  by  the  above-mentioned  process.  In  the  following  pages 
many  other  instances  of  chemical  affinities  will  be  adduced. 

There  are,  therefore,  bodies  whose  minutest  constituent  particles  possess 
different  properties ;  such  bodies  are  called  tompourid  bodies. 

We  shall  be  frustrated  in  all  our  attempts  to  obtain  sulphur  by  the  mutoal 
fusion  of  non-sulphurous  bodies.  In  a  piece  of  pure  sulphur,  on  the  other 
hand,  it  will  be  equally  vain  to  seek  for  the  least  particle  of  any  substance 
but  sulphur  alone.  The  same  is  the  dase  with  many  other  bodies ;  for 
example,  we  are  unable  by  the  aid  of  the  most  powerful  microscopes  to  find 
in  gold  or  iron  the  least  particle  of  any  substance  but  gold  or  iron. 

Those  bodies  which  are  constituted  of  perfectly  id^Uical  particles  are 
called  elementarj/  bodies,  or  briefly  elements, 

8.  The  number  of  elements  at  present  known  is  66^  but  many  of  these 
are  of  little  importance  and  rare  occurrence.  The  tabular  view  annexed 
affords  a  statement  of  such  bodies  as  are  of  more  frequent  ooourrence,  arranged 
according  to  their  properties.     We  merely  give  the  names  of  the  others. 

The  greater  number  of  elements  are  lustrous  bodies,  and  these  we  term 
metals.  Those  which  do  not  possess  this  property  we  term  metalloids,  or, 
more  properly,  non-metallic  elements.  We  also  distinguish  solid,  liquid,  aod 
gaseous  elements,  and  amongst  the  metals  such  as  have  only  a  trifling  specifio 
gravity,  and  others  which  are  more  dense. 
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L  No5-Mbtallic  Elevexts. 

IL  Metallic  Elements. 

L* 

II. 

a.  Light, 

14.  Potassium.. 

15.  Sodium 

16.  Calcium .... 

17.  Barium 

18.  Strontium.. 

19.  Magnesium 

20.  Aluminum. 

I. 

II. 

h.  Heamf. 
21.  Iron 

I. 

Fe. 

Mn. 

Co. 

Ni. 

Cu. 

Cd. 

Bi. 

Pb. 

Sn. 

Zn. 

Cr. 

Sb. 

Hg. 

Ag. 

Au. 

Pt. 

IL 

0.  0<U€t>U9, 

1.  Oxygen ., 

1  Hydrogen .... 
1  Nitrogen 

4.  Chlorine 

5.  fluorine  (?).. 

i.Liqmid, 
6L  Bromine 

t.  Solid, 
7.  Iodine 

0. 
H. 

N. 
CI. 
FL 

Br. 

I. 

C. 

S. 

P. 

As. 

SL 

Bo. 

I 
14 
86-5 
19 

80 

127-1 
6 
16 
32 
75 
21-3 
10-9 

K. 

Na. 

Ca. 

Ba. 

8r. 

Mg. 

Al, 

39 

23 

20 

68-5 

43-8 

12-2 

13-7 

28 

27-6 

29-5 

296 

31-7 

56 

213 

103-7 
58 
32-6 
26-7 

129 

100 

1081 

197 
98-7 

22.  Manganese 

23.  Cobalt 

24.  Nickel 

25.  Copper 

26.  Cadmium... 

27.  Bismuth.... 

28.  Lead 

29.  Tin 

30.  Zinc 

31.  Chromium. 

32.  Antimony.. 

33.  Mercury.... 

34.  Silver 

35.  Gold 

36.  Platinuid... 

8.  Carbon 

9.  Solphnr 

li  Phosphorus.. 

ILAnenie 

11  Siliciom. 

13.  Beron 

*  Ae  kttcn  under  T.  indicate  the  fymbols  of  the  elements :  the  numhers  In  the  (K>cond  row,  U^  aro 

The  names  of  the  rtirer  elemeDts  are  as  follows : — Aridium,  Cerium,  Didy- 
miom,  Donariam,  Erbium,  Glucinum,  IlmeDium^  Iridium,  Lanthauum, 
lithium,  Molybdenum,  Niobium,  Norium,  Osmium,  Palladium,  Pelopium, 
Bhodiam,  Ruthenium,  Selenium,  Tantalum,  Tellurium,  Terbium,  Thalium, 
Thorinm,  Titanium,  Tungsten,  Uranium,  Vanadium,  Yttrium,  Zirconium. 

4.  An  dement  hy  itself  is  incapable  of  change. — We  may  select  any  one  of 
the  simple  substances  above  mentioned,  and  so  long  as  it  is  kept  from  external 
cootact  with  other  bodies  it  will  retain  unaltered  its  own  essential  property 
or  character.  Sulphur  may  be,  by  heat,  fused  and  converted  into  vapour, 
hat  in  both  conditions  it  retains  its  essential  properties.  Light,  electricity. 
Of  magnetism  are,  per  se,  also  incapable  of  changing  an  element. 

5.  Chemical  pTienomena  can  he  produced  only  hy  the  contact  of  at  least 
^  dissimilar  elements.  —  Iron,  exposed  to  moist  air,  rusts ;  sulphur  and 
^oemiy,  united  by  heat,  entirely  lose  their  properties,  whilst  a  third  body, 
vith  new  properties,  viz.,  vermilion,  appears  in  their  place. 

6.  The  following  mode  of  illustrating  the  different  chemical  combinations 
^  been  adopted.  Simple  substances  are  composed  of  the  minutest  particles 
of  matter,  which  are  perfectly  homogeneous. 
Thus  the  fragment  of  sulphur,  A.  fig.  1,  is 
ooniposed  of  exceedingly  minute  particles 

tf  solt^har,  a and  the  piece  of  mer- 

cory,  6,  fig.  2,  consists  of  similar  minute 

particles  of  mercury  h Between 

^  parses  o{  one  body  and  the^  particles  !•  2- 

^  another,  a  mutual  attraction  takes  place,  which  is  termed  chemical  affinity. 


1^^^ 
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In  consequenoe  of  affinity,  apartiole  of  one  body  is  brought  into  the  closest 
contact  with  one  particle  of  the  other  body.  During  this  intimate  contact 
of  the  different  particles  their  pecuh'ar  properties  disappear, 
and  a  compound  substance  appears,  with  new  qualities.  Thus, 
in  fig.  8,  the  particles  of  sulphur,  a,  appear  in  oonnection 
with  the  particles  of  mercury,  b,  and  compose  the  compound 
particles  a  b,  of  the  vermilion. 

The  pardcles  united  by  chemical  attraction  appear,  as  it 
were,  to  be  combined  together,  wherefore  the  body  produced 
is  termed  a  compound  body,  or  a  chemical  compound^  and 
the  different  simple  elements  uniting  to  compose  such  a  body  are  called  the 
constituents  of  the  compound. 

7.  Although  all  bodies  have  a  mutual  affinity  to  each  other,  still  the  measure 
or  degree  in  which  different  elements  are  capable  of  combining,  is  very  dis- 
similar, and  in  the  present  state  of  our  knowledge  we  are  unable  to  aecount 
for  this  difference.  Suppose,  for  example,  we  bring  into  contact  sulphur, 
iron,  and  mercury,  all  of  which  have  a  mutual  affinity  for  each  other,  yet 
the  sulphur  will  unite  with  the  iron  and  not  with  the  mercury.  And  hence 
the  important  deduction  has  been  established,  namely,  that  when  certain  sub- 
stances are  brought  into  contact  with  each  other,  those  always  first  unite 
which  have  the  greatest  mutual  affinity.  * 

When  simple  svhstances  have  been  thus  combined,  they  remain  in  this  con- 
dition tiU  some  external  operative  cause  dissolves  the  ^nion  and  separates 
again  the  different  particles  that  were  in  intimate  connection.  It  is  com- 
prehensible that,  in  this  case,  the  qualities  of  the  cozhpound  body  disappear, 
and  that  its  constituent  parts  again  appear,  each  with  its  peculiar  characte- 
ristics. We  signify  the  separation  of  the  particles  of  the  compound  by  the 
term  decomposition, 

8.  There  are  various  causes  which  induce  a  decomposition  of  chemical  com- 
binations. In  many  compounds  the  mutual  attraction  of  their  constituent 
parts  is  so  small  that  little  more  than  a  shake  is  required  to  efilect  their  sepa- 
ration. For  example,  a  gentle  blow  on  fulminating  silver  is  sufficient  to 
cause  its  instant  explosion  or  decomposition. 

Beat  is  likewise  an  influential  agent  in  the  production  of  chemical  decom- 
position. While  it  possesses  the  property  of  expanding  bodies  and  o(  dimi- 
nishing the  cohesion  of  their  particles,  it  has  a  tendency  to  counteract  chemical 
attraction  in  all  cases,  and  in  many  to  overcome  it.  When  common  lime- 
stone is  burned,  that  is,  when  submitted  to  intense  heat,  it  is  essentially 
changed.  A  gaseous  body  (carbonic  acid)  that  previously  existed  in  combi- 
nation with  it,  is  separated  by  the  influence  of  the  heat.  The  decompositioa 
of  many  combinations  by  light  is  not  so  easily  explicable. 

If  a  current  of  electricity  be  conducted  through  a  chemical  compound,  the 
attraction  of  the  particles  is  diminished  to  such  a  degree,  that  at  pr^ent  no 
combination  is  known  which  can  resist  the  decomposing  influence  of  a  power- 
ful stream.  We  shall  have  an  opportunity  in  Uie  sequel  of  directing  our 
attention  more  especially  to  these  phenomena. 

In  the  majority  of  cases  of  this  kind,  the  stronger  affinity  which  one  sub- 
stance has  to  another,  is  the  active  cause  of  the  decomposition  of  chemical 
compounds.  Suppose,  for  example,  we  heat,' as  shown  in  §  2,  vermilion, 
which  consists  of  sulphur  and  mercury  particles  (HgS),  with  iron  (Fe),  the 
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htter  oombines  with  the  aolphnr  by  reason  of  its  stronger  affinity  fbr  this 
tkmenU  The  particles  of  iron  attract  the  snlphnr-particles  from  the  nier- 
earj,  and  the  latter  is  consequently  rdtased  from  its  combination,  and  set  at 
libirtyj  as  in  figs.  4  and  5. 

Whenever  we  thus  employ  chemical  affinity  to  the 

©/^\Cr>.  reduction  oi  a  componnd  8ub8tanQ^,  we  obtain,  on  the 
\$y^^  one  hand,  a  n«ir  compound,  whilst,  on  the  other,  a 
4  constituent  of  the  former  compound  is  set  free. 

9.  We  will  not  leave  this  subject  without  premising 
/^^\/^\     y/*^    ^  f®w  reflections  intimately  connected  with  a  just  and 
ttVl  Sj     vjy/    perfect  comprehension  of  Nature,  /ind  especially  of 
^^     ^^     the  earth  and  its  manifrld  aspects. 
5.  The  earth,  together  with  its  atmosphere,  forms  an 

entire  whole,  consisting  of  a  certain  number  of  ele- 
ments. These  elements  are  present  in  very  unequal  quantities,  and  mostly 
oalj  in  mutual  combinations.  In  this  manner  have  been  produced  the 
inftBitdy^versified  forms  and  qualities  of  the  objects  that  surround  us.  For 
is,  by  ^e  various  combinations  of  a  few  alphabetical  signs  or  letters,  an 
esdleBS  series  of  words  that  compose  the  different  languages  of  mankind  can  be 
fonned,  so  the  few  elements,  combined  in  different  groups,  without  exception, 
eoostitnte  the  immense  variety  of  objects  which  everywhere  surround  us. 

There  b  never  so  much  as  a  single  particle  of  matter  belonging  to  the 
earth,  nor  of  any  object  in  or  about  it,  that  can  be  utterly  lost.  If  we  bum 
&  pioce  of  wood,  we  only  change  or  alter  the  condition  of  its  constituent 
pffts.  During  the  process  of  combustion,  these  elementary  constituents, 
isfitead  <^  remaining  solid  and  ligneous,  assume  new  gaseous  and  other  invi- 
sible forms  of  combination ;  they  disappear  to  us,  but  pass  not  beyond  the 
sphere  of  our  terrestrial  atmosphere.  When  we  come  to  Uie  treatment  of 
the  food  of  plants,  we  shall  prove  that  the  constituent  parts  of  the  burnt  wood 
which  enter  the  atmosphere,  in  the  form  of  new  combinations,  are  again 
(apable  of  reduction,  and  of  being  once  more  placed  in  a  condition  to  form 
ligaeoos  matter. 

10.  Hence,  no  particle  of  matter  is  ever  entirely  annihilated,  and  from 
this  it  also  follows,  that  we  are  utterly  incapable  of  producing,  or  of  creating, 
the  least  material  atom.  When,  therefore,  we  speak  of  the  preparation  or 
production  of  a  body,  we  mean  merely  the  separation  of  "a  body  from  a 
ehemicalfcompoand,  in  which  it  already  exists,  or  else  the  formation  of  the 
Bune,  from  its  constituents  in  certain  definite  proportions. 

A  particle  of  sulphur  ever  remains  the  same  individual  indestructible  atom 
of  sulphur;  and  only  in  chemical  union  with  other  bodies,  does  it  disappear 
to  OS,  and  is  incapable  of  detection  by  the  perceptions  of  the  senses.  But 
when  we  dissolve  this  chemical  union,  it  appears  again,  with  all  its  essential 
characteristics,  being  liberated  from  the  combining  influence  of  other  sub- 
tttoces. 

11.  Chemical  affinity  does  not  manifest  itself,  under  all  circumstances, 
hetwcen  different  elements.  There  are  bodies  which  have  powerful  affinities 
for  others,  that  can  remain  in  contact  for  years  without  entering  into  combi- 
^»^.  Cohedon  is  the  most  powerful  obstacle  to  the  operation  of  chemical 
^ttnetion.  That  power  which  holds  the  individual  particles  of  a  simple 
body  in  connection,  counteracts  the  power  of  affinity,  and  prevents  these 
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particle?  from  losing  their  coherence,  and  consequentlj  from  entering  into 
combination  with  other  bodies.  Hence,  it  is  a  general  role,  that  the  greater 
the  power  of  cohesion,  the  less  the  tendency  that  exists  between  any  two 
bodies,  to  enter  into  chemical  combination.  All  causes  which  diminish  the 
cohesion  of  bodies,  promote  their  capacity  for  chemically  combining  wiiix 
each  other.  Ther^ore,  heat,  which  is  in  very  many  cases  the  most  efficient 
medium  of  weakening  the  power  of  cohesion,  is  brought  forward  in  aid  of 
affinity.  This  agent  reduces  many  bodies  to  the  fluid  state,  and  renders  their 
particles  easily  moveable,  whereby  they  are  in  a  condition  to  follow  the  acdon 
of  affinity,  and  to  unite  themselves  with  the  particles  of  another  body.  Fluid 
bodies  are  already  in  this  favourable  position ;  hence,  they  are  in  a  high  degree 
peculiarly  susceptible  of  chemical  union.  We  shall  subsequently  see  that 
ioater  is  a  very  powerful  agent  in  the  reduction  of  bodies  to  a  fluid  condition; 
that  is,  to  dissolve  them,  or  hold  them  in  a  state  of  solution,  by  which  their 
particles  are  maintained  in  the  requisite  degree  of  mobility. 

12.  The  gases,  being  bodies  or  substances  possessed  of  little  or  no  oohe- 
siveness,  might  be  supposed  to  be  peculiarly  susceptible  of  chemical  attri- 
tion, and  to  combine  tc^ther  with  the  greatest  facility.  The  case,  however, 
is  different  from  what  we  should  imagine ;  for  example,  oxygen  and  hydrogen, 
or  chlorine  and  hydrogen,  may  be  brought  into  mutual  contact;  yet,  except 
under  peculiar  circumstances,  they  are  incapable  of  chemical  oombinatioii; 
still  they  have^otwithstanding,  a  strong  mutual  affinity,  and  their  particles 
being  gaseous,  possess  no  cohesion.  Consequently,  gaseous  particles  appear  to 
be  too  widely  separated  to  allow  chemical  attraction  to  operate  on  both  with 
energy  sufficient  to  unite  them.  Most  combinations  containing  a  gaseous 
element  may  be  decomposed  by  a  higher  temperature  which  increases  the 
expansibility  of  the  gas,  and  finally  overcomes  the  influence  of  chemical  attrae- 
tion.  We  also  perceive  that  the  same  cause,  viz.,  heat,  is  in  certain  cases 
an  auxiliary  of  affinity,  and  in  others,  it  counteracts  and  finally  destroys  it. 

i^jjLl- — 
Different  Kinds  of  Combinations.        -^r-i- — 

13.  Heretofore  we  have  assumed  that  chemical  combination  oomnsts  in  the 
union  of  a  particle  of  one  simple  body  with  a  particle  of  another  simple 
body.     Although  hereby  indeed  a  great  multiplicity  of  oombinationB  can  be 

Produced,  yet  this  is  not  the  only  possible  way  in  which  bodies  can  unite. 
n  a  great  number  of  chemical  compounds,  there  are  threcy  in  others  Jbmr, 
and  in  some,  Jive  difierent  particles  in  combination.  Examples  <)f  a  greater 
number  of  difierent  elements,  united  in  chemical  combination,  are  exceed- 
ingly rare. 
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Fig.  6  represents  combined,  or  rather  grouped,  particles  which  consist  of 
2, 3, 4,  and  5  simple  molecules.  It  is  to  be  remarked,  that  by  far  the  greater 
number  of  chemical  combinations,  consist  only  of  two  or  three  dijuamilm- 
particles.    Those  containing  four  or  five  are  by  no  means  numerous. 
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It  would,  bowerer,  be  erroneons,  and  contrary  to  the  fact,  to  infer  that 
the  multiplk-itj  of  simple  niaterials,  capable  of  uniting  with  each  other,  is 
exhausted  in  the  above-cited  examples  of  combination.  An  infinite  series 
of  chemical  compounds  is  disclosed  to  our  view  by  the  capability  of  the  par- 
ticles chemically  to  unite,  not  only  in  pairs,  but  in  several  other  relative 
proportions,  llins,  one  particle  a  combines  not  only  with  one  particle  2>, 
hut  also  with  26,  3  6, 4  6,  n  5.  Moreover,  several  particles  of  a  can  combine 
with  Kveral  of  6,  for  example,  2  a  with  3  6,  5  6,  7  6,  &c.  Indeed,  frequently 
we  find  several  particles  of  three,  four,  or  five  different  elements  grouped 
together  in  one  chemical  compound.  To  assist  the  comprehension,  we  will 
represent  such  a  group,  and  then  prove  the  fact  by  examples.  The  two  ele- 
ments, oxygen  0,  and  sulphur  S,  form  the  foUowing^^eriss  of  compound*: — 

Hjposa^hurous  Acid.     Solphuroos  Acid.  Salphuric  Acid. 

It  will  be  now  easy  to  understand  what  is  meant  by  the  expression  different 
dt^rees  of  combination  of  bodies.  A  glance  at  the  above  series  will  show 
wh  J  sulphurous  acid  is  said  to  be  a  lower,  and  sulphuric  acid  a  higher ^  degree 
of  combination  of  oxygen  and  sulphur.  It  is  much  more  difficult  to  imagine 
aneh  groaps  of  compound  bodies,  which  consist  of  several  particles  of  three 
V  fim  d^BTerent  elements.  Before  proceeding  farther,  we  may  mention,  as 
u  example,  that  an  atom  of  cane  sugar  is  to  be  considered  a  group  of  twelve 
pvticles  of  carbon,  eleven  of  hydrogen,  and  eleven  of  oxygen. 

14.  A  compound  body  may  admit  of  combination  with  a  second  body  of 
eqaaDj complex  composition;  hence,  there  is  formed  a  compound  of  the 
«cewM2  ord&r.  Thus,  sulphuric  acid  unites  with  potassa,  and  forms  a  sulphate 
of  potiBsa  (K0,SO3).  When  different  combinations  of  the  second  order  are 
r&«Kiibiii6a,  there  arise  those  of  the  third  order,  of  which  alum  (AlsOg^SSOs 
+K0,SOt)  is  &n  example.  The  latter  combinations  are,  however,  of  unfre- 
<f>eDi  occunence,  and  in  the  course  of  describing  the  individual  compounds, 
ve  may  obtain  gradually  a  clearer  comprehension  of  their  nature. 

15.  la  order  to  express  chemical  compounds,  a  number  of  symbols  have 
^  introduced,  which  are  extremely  convenient  in  the  study  of  chemistry. 
^  initial  letters  of  the  Latin  names  of  the  elements  have  been  chosen,  of 
which  examples  are  given  in  the  tabular  view  (§  3)  in  the  column  I.  In 
chemistry,  the  letter  S  represents  an  atom  of  sulphur,  Hg  an  atom  of  mer- 
^TjT,  and  so  on.  Hence,  if  the  symbols  HgS  are  placed  together  they 
jepreseDt  an  atom  of  a  chemical  compound  of  mercury  and  sulphur,  which 
IS  called  vermilion,  in  the  same  manner,  as  if  an  atom  of  mercury  aud  an 
»tom  of  sulphur  HgS  were,  as  in  §  8,  placed  in  contact  with  each  other. 
HgO  is  the  compound  of  an  atom  of  mercury,  with  an  atom  of  oxygen 
(oxide  of  mercury)  \  SOj  is  a  combination  of  one  atom  of  sulphur  with  two 
of  oxycen  (sulphurous  acid) ;  SOs  indicates  the  higher  proportion  in  which 
^^  elements  combine  to  produce  sulphuric  acid,  consisting  of  one  part  of 
wlphur,  and  three  parts  of  oxygen,  &c. 

16.  The  elements  combine  with  each  other  in  definite  unalterable  propor- 
U 
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tions  hy  xDeight.  The  tabalar  view  of  the  simple  sabstances  given  in  §  3 
represents  in  column  No.  11.  these  proportionate  weights.  Tnej  are  the 
result  of  many  experiments,  conducted  with  the  greatest  care  and  persevering 
energy.  They  are  termed  the  equtvalerUSy  atomic^  or  proportionate  weigKu 
of  the  elements. 

The  cause  of  combination  in  definite  proportions  by  weight  depends  chieflj 
on  the  principle  stated  in  §  6,  viz.,  that  even  the  smallest  particles  of  bodies 
have  definite  weights,  varying  much  from  each  other.  Accordingly,  those 
numbers  express  nothing  more  than  the  weight  of  one  of  the  minutest  par- 
ticles of  each  of  those  simple  sabstanoes. 

Consequently  when  an  equivalent  of  sulphur,  that  weighs  16  parts, 
combines  with  a  particle  of  mercury  that  weighs  100  parts,  a  conopcmnd 
particle  of  vermilion  is  produced,  which  weighs  116  parts.  In  fact,  if  we 
decompose  116  ounces  of  vermilion  into  its  constituents,  we  obtain  100 
ounces  of  mercury,  and  16  ounces  of  sulphur.  Again,  as  water  consists  of 
one  equivalent  of  oxygen,  which  weighs  8,  and  one  equivalent  of  hydrogen 
weighing  1,  the  two  combined  with  each  other,  represent  9  parts  by  weight 
of  water.  Assuming,  therefore,  the  water  to  be  perfectly  pure,  it  follows 
that  9  parts  will  invariably  contain  8  parts  by  weight  of  oxygen,  and  1  part 
of  hydrogen. 

If  we  place  the  symbol  S,  which  denotes  an  equivalent  of  sulphur  that 
weighs  16,  and  Hg,  a  particle  of  mercury,  weighing  100,  HgS  will  then 
represent  the  compound  of  the  two  elements,  weighing  116  parts.  Hence, 
chemical  sjrmbols  have  a  double  value,  for  they  do  not  merely  express  of 
what,  and  of  how  many  equivalents  a  compound  is  composed,  but,  in  additioo 
to  this,  they  indicate  the  proportionate  weights  in  which  the  elements  are 
held  in  combination.  This  may  be  farther  illustrated  by  an  example.  The 
symbol  HgO,  oxide  of  mercury,  signifies  not  merely  that  this  compound 
consists  of  one  equivalent  of  mercury  and  one  equivalent  of  oxygen,  but 
also,  that  100  parts  by  weight  of  the  former  are  combined  with  8  partB  of 
the  latter,  to  form  108  parts  of  the  oxide  of  mercury.'  SO3  represents 
sulphuric  acid  as  a  compound  of  one  equivalent  of  sulphur,  wiUi  three 
equivalents  of  oxygen,  or  of  16  parts  by  weight  of  sulphur  with  3  X  8  =  24 
of  oxygen,  which,  together  amount  to  40  parts  by  weight  of  sulphorio  add. 

As  we  know  at  a  glance  by  these  symbols,  that  in  116  parts  by  we^t  of 
vermilion,  100  parts  of  mercury  are  combined  with  16  parts  of  sulphur,  so 
we  may  easily  calculate  how  much  of  each  of  these  elements  is  contained  in 
100,  or  in  30,  or  in  any  assigned  quantity  by  weight  of  vermilion.  Suppose 
100  lbs.  of  vermilion  are  to  be  prepared,  how  many  pounds  of  meroury  and 
sulphur  are  required  for  this  purpose  ? 

(1.)  The  quantity  of  sulphur  as  is  to  100  as  16  is  to  116,  or : 
x:  100  =  16 :  116;  hence  x  =  ^^^^^^^^  =  13-7. 

(2.)  The  required  quantity  of  mercury  y  is  to  100  as  100  to  116  .*  thus  : 
y :  100  =  100 :  116;  hence  t/  =  ^^^^^^^^^  =  86-8. 
Therefore,  in  preparing  100  lbs.  of  vermilion,  we  employ  137  lbs.  of  sulphur 
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and  86.3  lbs,  of  mercury.  These  numbers  express  the  percentage  weight 
uf  sulphur  and  mercury  contained  in  100  parts  of  vermilion. 

The  knowledge  of  the  proportional  numbers  in  which  simple  substances 
mutually  combine  presents  still  another  advantage.  Suppose  we  are  required 
to  state  how  much  vermilion  can  be  obtained  from  30  lbs.  of  mercury,  when 
the  same  is  combined  with  sulphur. 

The  required  quantity  of  vermilion  x  stands  to  the  ^ven  proportion  of 
mercury,  30  lbs.,  as  116:  100,  consequently: 

x:  30  =  116:  100;  therefore  x  =  ?^A^=  34-8. 

Thus,  if  the  combination  is  properly  effected,  34*8  lbs.  of  vermilion  ought 
to  be  obtained  from  30  lbs.  of  mercury;  hence  4-8  lbs.  of  sulphur  are  requi- 
ate.  If  less  than  this  quantity  of  sulphur  be  employed,  the  whole  of  the 
mereury  will  not  be  converted  into  vermilion.  If  more  than  4-8  lbs.  of 
sulphur  be  used,  ihe  superfluous  sulphur  does  not  combine  with  the  mercury, 
but  it  either  remains  mixed  with  the  vermilion,  or  it  is  volatilized  by  the 
heat  applied  during  the  process  of  combination.  Only  those  who  are  igno- 
lant  of  the  law  of  definite  proportions,  whereby  the  elements  are  capable  of 
combining  with  each  other,  could  assert  that  from  30  lbs.  of  mercury  more 
than  34-8  pounds  of  vermilion  can  be  prepared.  This  law  of  chemical  com- 
bination is  as  certain  as  that  3  and  4  added  together  amount  to  7  and  not  to 
9  or  any  other  number. 

Several  significant  letters  placed  in  contiguity  and  representing  a  compound 
are  called  a  chemical  formula,  the  meaning  of  which,  after  what  has  been 
stated,  can  present  no  difficulty  to  the  student.  The  formula  SOt,  therefore 
denotes  the  following: — 

COMPOSITIOK  OF  SULPHVBIO  ACID. 

S         -       1                          Sulphur           -      16                  40 
Oi        ^        8 Oxygen  «      24 60 

«       1  equivalent  of  Sulphuric  Acid    »      40  100 

Genxeal  Properties  op  Chemical  Compounds. 

17.  While  we  direct  our  attention  here  to  the  general  properties  of  che- 
mical compounds,  we  are  not  to  understand  thereby  those  ^neral  properties  of 
bodies  which  have  been  already  described  in  Physics  (§  16).  On  the  contrary, 
we  intend  to  indicate  their  most  general  chemical  characters,  particularly  the 
manner  in  which  they  deport  themselves  towards  other  bodies;  if  any,  and 
vhat  kind  of  changes  are  produced  in  them. , 

Three  kinds  of  compounds  have  been  distinguished  from  an  early  period 
m  the  history  of  this  sdenoe,  viz.,  acids,  bcLses,  and  neutral  bodies. 

Acids  are  chemical  compounds  which  have  an  acid  taste,  impart  a  red 
colour  to  vegetable  blues  (for  example,  violet  and  iris),  and  lose  their  qualities 
vben  mixed  with  a  sufficient  quantity  of  one  of  the  compounds  of  the  fol- 
loviug  class. 
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Bases  (from  hasiSy  foundation)  are  distinguished  by  an  alkaline  taste.  A 
mixture  of  wood-ashes  and  lime,  with  water,  produces  a  substance  which  hie 
this  alkaline  property  in  a  high  degree.  The  bases  have  the  power  of 
changing  vegetable  blues  into  ffreeUf  and,  what  is  very  remarkable,  the  Woe 
vegetable  colour  which  had  been  reddened  by  the  presence  of  an  acithtecovcrs 
its  blue  tint  on  the  immission  of  a  sufficient  quantity  of  an  alkaline  baae. 
On  the  other  hand,  the  bases  entirely  lose  their  basic  characters  if  allowed 
to  combine  with  acids. 

It  must,  however,  be  observed,  that  there  are  many  acids  and  bases  wbich 
either  do  not  possess  these  properties  at  all  or  only  in  a  very  slight  degree. 
Insoluble  acids,  such  as  silicic  acid,  and  insoluble,  bases,  as  the  heavy  metallic 
oxides,  have  no  taste,  and  do  not  affect  vegetable  colours.  The  term  Urtmg 
acids  and  bases  is  usually  applied  to  such  as  possess  the  above-mentioned 
characters  in  a  remarkable  degree. 

Thus  we  perceive  that  acids  and  alkalies  are  bodies  possessed  of  opposite 
characters,  yet  in  consequence  of  their  mutual  affinity,  enter  into  combination 
with  each  other,  whereby  they  become  neutralized  and  form  new  bodies  which 
are  neither  acid  nor  alkaline,"  and  are  commonly  called  salts. 

Such  bodies  as  are  neither  acid  nor  alkaline  are  termed  also  neutral  bodies. 
But  the  salts  are  not  the  only  neutral  compounds.  There  is  a  very  numerous 
class  of  neutral  bodies  procured  from  animal  and  vegetable  substances,  such, 
for  instance,  as  sugar,  spirit  of  wine,  albumin,  &c. ;  these  latter  are  likewise 
-  called  indifferent  substances,  because  they  exhibit  no  particular  action  upon, 
or  affinity  to,  other  substances. 

18.  We  are,  however,  under  the  necessity  of  confining  our  consideradon 
of  the  general  chemical  deportment  of  bodies  within  a  brief  compass,  until 
we  arrive  at  the  enumeration  and  description  of  the  individual  substanoest. 
Still  we  may  be  allowed  to  allude  to  the  important  distinction  between  a 
mechanical  mixture  of  different  substances  and  a  chemical  compound  of  the 
same,  from  the  confusion  of  which  an  erroneous  opinion  may  be  frequently 
formed.  However  intimately  different  substances  may  be  mixed  together, 
we  may  readily  distinguish,- either  by  the  naked  eye  or  by  the  aid  of  a 
magnifying-glass,  the  particles  of  those  substances  beside  each  other,  whilst 
in  chemical  combinations  no  power  whatever  will  enable  us  to  detect  the  least 
difference  between  the  particles  of  the  combined  mass.  The  detection  of 
mixtures  of  fluids  or  gases  is  impossible  by  vision  alone,  still  the  mechanical 
nature  of  the  mixture  may  be  determined  by  other  means,  since  the  indivi- 
dual components  of  the  mixture  retain  their  original  qualities,  which  is  by 
no  means  the  case  in  chemical  oombinaUons. 

Division  of  the  Subject. 

19.  Chemical  phenomena  have  always  been  divided  into  two  principal 
groups.  The  reason  of  this  twofold  division  of  the  subject  will  be  descrihed 
hereafter.  It  is  very  natural  to  consider,  in  the  first  place,  the  simjde  and 
afterwards  the  more  complicated  combinations:  of  these  we  have  given 
examples  in  §  13,  when  showing  the  distinction  between  the  manner  in  which 
tiDO  elements  combine  to  produce  vermilion,  and  three  to  form  sugar. 

Hence  we  divide  Chemistry  into  two  principal  sections,  of  which  the  first 
comprises  the  combinations  of  the  simple  groups,  and  the  second  the  ooDibi- 
nations  of  the  compound  groups. 
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With  few  exceptions  the  latter  compoands  are  either  met  with  in  animal 
or  v^etahle  substanceA,  or  are  prepared  from  materials  derived  from  them. 
Heoce  Uie  second  division  of  Chemistry  is  frequently  termed  Organic^  or 
Animal  and  Vegetable  Chemistry,  in  contradistinction  to  the  first  branch, 
which  is  called  Inorganic  Chemistry. 

The  following  table  will  give  an  idea  of  the  farther  division  of  this  branch 
.of  natoial  smence :  — 


(A.) 

combdiatioiss  07  the  simplx  groups. 

(Ihobgahio  Chehistry.) 


(B. 

combihations  07  the  compound  groups. 
(Oeoanic  Chemistry.) 


L  Blementt  and  their  Combmadoru, 

(1.)  Non-Metallic. 
(2.)  MetaUio. 

n.  Peculiar  Decornponlumt  of  thete 
Compounds, 

(1.)  By  Electricity. 
(2.)  By  Light. 


I.  Compound  Radicalt  and  their  Combinations 

(1.)  Acids. 
(2.)  Bases. 
(8.)  Indifferent  Substances.^ 

II.  Peculiar  Decompositions  of  these 
Compounds. 
(1.)  Spontaneoas  Decomposition. 
(2.)  Dry  distillation.  , 


(A.)  COMBINATIONS  OF  THE  SIMPLE  GROUPS.  ^ 

(INORGANIC  CHEMISTRT.)  ^  •-  ^ 

20.  In  this  section  we  shall  become  acquainted  with  the  elements  them- 
fl^res,  and  of  their  most  simple  combinations.  These  bodies  are  partly^iuet 
with  in  Nature  under  the  form  of  mineraU,  and  are  partly  prepared  by  arti- 
ficial processes  (§  10),  in  which  latter  case  they  are  called  chemical  prepara- 
tiiMs.  As  the  composition  of  these  compounds  is  tolerably  simple,  their 
deeompontions  and  the  new  products  thereby  produced  may  be  easily  under- 
stood and  predetermined. 

I.  Elements  and  their  Combinations. 

21.  At  the  present  time  we  are  acquainted  with  66  simple  substances ; 
but  as  every  year  new  members  are  discovered,  we  are  entirely  ignorant  of 
the  nomber  actually  in  existence.  It  may  be  remarked  that  oven  those  sub- 
staoees  which  we  now  regard  as  simple  elements  may  be  likewise  compounds, 
and  that  only  a  very  limited  number  of  bodies  are  really  elementary.  Still 
it  ]s  very  iIIlp^ob^1ble  that  wc  sljidl  ever  be  able  to  resolve  them  into  simpler 
haam  of  matter,  uu<J  so  long  as  this  cannot  be  effected  we  must  continue  to 
limpid  them  as  fimple  bodies.  A  great  number  are  so  extremely  rare  that 
&aaj  chemists  have  never  seen  them.  It  is  possible  that  in  the  interior  of 
lh«  earth  Jarge  masses  of  thef^e  bodies  occur.     We  shall,  however,  refrain 

alluding  to  them,  since  the  majority  are  entirely  foreign  to  ordinary 
leua, 

(1.)   NON-METALLIC   ELEMENTS. 

22.  Indnding  Oxygeq,  Hydrogen,  Nitrogen,  Chlorine,  Bromine,  Iodine, 
Fborine,  Sulphur,  Phosphorus,  Arsenic,  Carbon,  Silicium,  and  Boron. 
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I.  OXYGEN. 
Symbol :  0  =  8;  Specific  Gravity  =  1'026. 

Oxygen  is  met  with  in  Nature,  either  combined  or  merely  mixed  with 
other  substances.  It  may  be  readily  obtained  in  the  pure  state  from  several 
of  its  compounds  by  the  influence  of  heat  alone.  The  red  oxide  of  mercury 
is  one  of  the  substances  which  readily  part  with  their  oxycen.  To  prepare 
oxygen  from  this  compound^  a  portion  of  the  oxide  is  introduced  into  a  small 
tube  of  hard  glass  (fig.  7)  closed  at  one  extremity^  and  into  the  other  eud 


of  which  is  fastened,  by  means  of  a  cork,  a  delivery  tube.     On  applying  the 
heat  of  a  small  charcoal  furnace;  or  spirit-lamp,  as  shown  in  fig.  8,  the  oxygen 


is  disengaged;  and  may  be  collected  in  the  receiyer,  which  is  filled  with 
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witer,  snd  iDTerted  over  the  pnenmatic  trough.*    The  change  may  be  repre- 
eented  bj  the  following  equation : — 

Oxide  of  Mennzy.       Merenrj.  Oxygen. 

HgO         =         Hg        +        0 

Oxygen  may  be  likewise  very  conyeniently  prepared;  in  a  state  of  perfect 
pvitj,  by  heating  chlorate  of  potassa  (KO^ClOs)  in  the  same  apparatus, 
the  decomposition  being  expressed  as  follows : — 


Cblorato  of 
Potassa. 


K0,C105      - 


Chloride  of 
PotasHium. 

KCl 


Oxygen. 


+ 


Bot  when  this  gas  is  required  in  very  large  quantities,  it  is  usual  to  prepare 
it  from  the  binoxide  of  manganese,  an  oxide  occurring  abundantly  in  Nature. 
This  oxide  requiring  a  high  temperature,  is  heated  in  a  retort  placed  in  a 
foraace  (fig.  9),  and  to  wUch  is  attached  a  tube,  passing  into  a  wash-bottle, 


containing  a  little  lime-water  for  the  purpose  of  absorbing  carbonic  acid,  with 
which  the  oxygen  may  be  contaminated.  The  gas  is  then  collected  in  the 
usual  manner. 

The  binoxide  of  manganese,  however,  does  not  part  with  more  than  one- 
third  of  its  oxygen,  a  mixture  of  protoxide  and  sesquioxide  of  the  metal 
heing  lef^  in  the  retort.  The  following  equation  represents  the  change  pro- 
duced by  heat : — 


of 


8(MnOj)       - 


Protoxide. 
MnO 


Seeqnioxide. 
MDjO, 


Oxygen. 
Or 


*  A  dmilar  kmngement  to  thia  is  made  use  of  for  collecting  gases  in  general. 
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AH  the  green  parU  of  plants  evolve  oxygen  when  exposed  to  the  ligki  of 
the  sun;  a  fact  which  may  he  readily  demonstrated  by  placing  a  leafy  branch, 
which  is  still  connected  with  the  parent  plant,  or  a  number  of  fresh  leavea, 
under  a  stoppered  funnel  filled  with  water,  aod  then  exposing  them  to  the 
influence  of  solar  light.  After  a  short  time  small  air-bubbles,  consisting  of 
pure  oxygen,  collect  in  the  upper  part  of  the  funnel.  The  elimination  of 
oxygen  observed  in  many  of  the  so-called  tn/tworia,  may  be  also  ascribed 
to  plants. 

Oxygen  is  a  gas  as  colourless  and  odourless  as  the  surrounding  air;  it  is, 
however,  readily  distinguished  by  the  extraordinary  vivacity  with  which  in- 
flammable substances  bum  in  it.  If,  for  instance,  a  scarcely-kindled  match 
be  plunged  into  a  cylinder  filled  with  oxygen,  it  instantly  bursts  into  flame, 
and  burns  with  the  greatest  rapidity.  Phosphorus  bums  with  a  dazzling 
white  light,  rivalling  the  sun  in  brilliancy,  whilst  sulphur  bums  with  a  beau- 
tiful blue*flame.  Pieces  of  charcoal,  and  thin  strips  of  steel,  to  which  are 
attached  pieces  of  amadou  [spunk]  dipped  in  sulphur,  if  previously  ignited 
at  the  extremities,  and  then  introduced  into  this  gas,  as  in  figs.  10  and  11, 
throw  off*  the  most  beautiful  scintillations,  and  are  entirely  consumed. 

These  phenomena  depend  upon  the 
powerful  affinity  of  oxygen  gas  for  those 
substances.  Hence  combustion  itself  is 
nothing  more  than  the  efiect  of  their 
combination  with  the  latter  element. 
The  compounds  formed  in  the  above- 
mentioned  experiments  are  carbonic  acid 
(COa),  sulphurous  acid  (SOg),  phospho- 
ric acid  (POs),  and  sesquioxide  of  iron 

(FeA). 

Oxygen  is  not  only  the  most  extensively-diffused  element,  but  it  oocurs  in 
the  largest  quantity.  It  is  contained  in  by  far  the  greatest  number  of 
minerals,  and  forms  from  30  to  50  per  cent  of  the  entire  mass  of  plants 
and  animals,  whilst  112  lbs.  of  water  contain  100  lbs.,  or  eight-ninths  of 
its  weight  of  this  gas.  It  may  be  said  to  constitute  a  third  of  the  known 
crust  of  the  earth. 

It  is  also  important  to  remark,  that  the  principal  mass  of  the  atmosphere 
is  a  mixture  of  oxygen  with  another  gas,  viz.,  nitrosen.  Five  measures 
contain  one  of  oxygen,  and  hence  it  forms  one-fifth  of  the  whole  atmosphere. 

From  this  it  will  be  seen  that  all  bodies  existing  in  the  air  are  exposed  to 
the  influence  of  the  oxygen  therein,  which  exhibits  a  continual  tendency  to 
produce  chemical  compounds  with  those  substances  which  are  not  at  all,  or 
only  partly,  in  combination  with  this  gas.  Hence  it  is  the  cause  of  an 
endless  scries  of  chemical  phenomena  which  are  ever  going  on  around  us, 
and  within  our  bodies.  If  circumstances  are  particularly  favourable,  chemical 
combination  takes  place  with  a  rapidity  sufficient  to  generate  a  large  amount 
of  heat,  and  finally  light,  or,  in  other  words,  those  phenomena  occur  that 
are  ordinarily  termed  combustion.  But  in  by  far  the  greater  number  of 
cases,  the  combination  of  oxygen  takes  place  more  slowly,  and  unattended 
with  the  phenomena  of  ignition.  Heat,  however,  is  undoubtedly  generated, 
but  becomes  less  evident  in  consequence  of  being  distributed  over  a  greater 
space  of  time.     The  rusting  of  iron,  formation  of  verdigris  on  copper,  fer- 
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mentation,  pntrefaotion,  decay,  monldinff,  disintegration,  respiration  of  men 
ifid  animals,  are  all  phenomena  primariTj  induced  by  oxygen.  In  all  these 
eases  new  oxygen-componnds  are  prodaced;  but  if  the  oxygen  were  excluded, 
none  of  these  changes  could  be  effected,  any  more  than  a  body  could  bum 
without  the  presence  of  the  atmospheric  air  which  contains  so  large  an 
amount  of  oxygen. 

23.  Combination  with  oxygen  is  also  termed  oocndatton.  To  oxidise^ 
therefore,  is  to  unite  with  oxygen,  and  the  result  of  the  combination  is  named 
ta  oxide  or  oxygen-compound.  But  as  oxygen  is  capable  of  combhiing  in 
several  proportions  with  most  of  the  above  elements,  the  different  degrees 
of  oaidoHon  are  distinguished  by  a  particular  name,  as  is  seen  in  the  fol- 
lowing examples. 

Oxygen,  in  combination  with  non-metallic  elements,  chiefly  forms  acid^ 
with  metals,  Ixmcj  oxidee.  An  elementary  body  combining  with  oxygen, 
and  forming  therewith  an  oxygen-compound,  is  generally  designated  by  the 
term  radical  of  such  a  combination;  for  example,  sulphur  is  the  radical  of 
sulphuric  acid  (S  Os). 

The  general  prop^es  of  oxygen-compounds  are  most  conveniently  exhi- 
bited fai  the  following  Table : — 

StITOPSIS  of  OXTOlN-Ck)MPOUNI>0. 


1.  BASES. 


Ocgne  of  Oxidation. 

Examples. 

FormulsD. 

General  Properties. 

1 
2 

3 

«;8abozidos... 
b,  Protoxidea... 

Suboxide  of  Mercury 
Suboxide  of  Copper .. 

Protoxide  of  Iron 

Protoxide  of  Manga- ) 
new ^ J 

Hg,0 
Cu,0 
FeO 

MnO 

Feeble  basea ;  are  separated  from 
their  combinations  by  most  of 
the  other  oxides ;  absorb  oxygen 
with  avidity  from  the  atmos- 
phere, and  are  converted  there- 
by into  higher  oxides. 

o.  Protoxides... 
6.  Sesqaioxides 

Protoxide  of  Mercury 

Protoxide  of  PotM-) 

8i«in 5 

Protoxide  of  Sodium 
Sesquioxide  of  Iron .. 
Sesquloxide  of  Man.  > 

g««««- 5 

HgO 

KO 

NaO 
Fe^O, 

Mn,0, 

Strong  bases;  frequently  eanstie; 
do  not  pass  into  a  higher  state 
of  oxidation  when  exposed  alone 
to  the  air.  The  oxides  of  the 
heavy  metals  are  insoluble  in 
water. 

Binoxides  ... 

Binoxide  of  Manga-  > 

nese ) 

Binoxide  of  Lead .... 

MnO, 
PbO, 

Neither  acid  nor  basic;  decom- 
posed by  heat  Into  lower  oxides 
and  oxygen. 

2.  ACIDS. 


r.  First  degree 

Hyposnlphurous  Acid 

SaO, 

1 

(4) 

Second  degree 

Sulphurous  Acid 

XitrouB  Acid............ 

SO, 
NO. 
CIO, 
PO, 

Feeble  acids ;  separated  from  their 
combinations   by   most  of  tho 
other  acids;  attract  oxygen  from 
the  air,  and  become  thereby  con- 
verted into  acids  of  the  fourth 
degree  of  oxidation. 

Chlorous  Acid  ......... 

Phosphorous  Acid .... 
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Examples. 

Formulee. 

General  PropertieB. 

2 
(6) 

3 

(6) 

d.  Third  degree 

flyposulphario  Acid 

S.O. 

• 

Fourth  degree 

Salphurio  Acid 

Nitric  Acid 

so, 

NO. 
CIO. 
MnO, 

Strong  acids ;  frequently  caustic ; 
mostly  unchangeable  in  the  air, 
some  being  decomposed  by  heat 
like  the  following. 

Chloric  Acid 

Manganic  Acid 

Highest  degree 

Perchloric  Acid 

Permanganic  Acid  ... 

CIOt 
MnsOr 

Feebler  than  the  foregoing  acids ; 
readily  decomposed  by  heat  in  to 
oxygen  and  a  lower  degree  of 
oxidation. 

24.  Id  addition  to  these  six  principal  degrees  of  oxidation,  chemists  are 
acquainted  with  a  number  of  intermediate  compounds  which  in  general  are 
feebler  acids,  and  more  readily  decomposed;  examples  of  this  kind  are 
adduced  under  c  and  d,  namely,  hyposulphurous  acid  (S2O2),  and  hyposul- 
phuric  acid  (SgOs).  In  the  same  manner  we  find  amongst  the  metallic 
oxides  a  number  of  intermediate  combinations  possessing  no  definite  ohemieal 
characters. 

Although  the  non-metallic  elements,  in  combining  with  oxygen,  ^ve  rise 
in  general  to  the  formation  of  acids,  we  nevertheless  meet  with  a  number 
of  inferior  oxides  possessing  properties  neither  acid  nor  basic,  as,  for  example, 
water  (HO),  protoxide  of  nitrogen  (NO),  carbonic  oxide  (CO),  and  many 
others.  On  the  other  hand  we  find  that  while  most  of  the  metallic  oxides 
are  bases,  some  of  the  higher  oxides  comport  themselves  as  acids,  as  man- 
ganic acid  (MnOs),  chromic  acid  (CrOg),  antimonic  acid  (SbOs)^  &c. 

From  these  examples  it  will  be  seen  that  the  name  and  position  of  the 
oxide  are  determined  not  by  the  number  of  equivalents  of  oxygen,  in  com- 
bination with  the  radical,  but  by  its  chemical  properties ;  as,  for  instance, 
sulphuric  acid,  containing  only  three  equivalents  of  oxygen,  is  a  stronger 
acid  than  nitric  acid,  which  contains  yive  equivalents  of  the  same  element. 

25.  An  opinion  was  long  prevalent  that  oxygen  was  the  only  acidifying 
principle,  and  from  this  supposed  quality  its  name  was  derived.  But  as  it 
has  subsequently  been  ascertained  that  there  are  very  strong  acids  which 
contain  no  oxygen,  and  also  that  this  body,  in  combination  with  metals, 
forms  the  strongest  bases  with  qualities  directly  opposed  to  acids,  the  term 
has  lost  the  major  part  of  its  signification.  On  this  account  the  acids  which 
contain  this  element  are  now  distinguished  by  the  term  oxygen-acids. 

Oxygen  is,  however,  justly  accounted  the  principal,  the  most  important 
and  influential  of  all  elementary  bodies.  It  merits  this  preference  by  its 
abundance,  its  powerful  affinities,  and  by  its  manifold  combinations  with 
other  substances. 

2.  HYDROGEN. 

Symbol :  H  =  1 ;  Specific  Gravity  =  00688. 

26.  Hydrogen  occurs  abundantly  in  nature,  although  it  is  never  met  with 
in  the  free  state.  It  is  found  in  the  greatest  quantity  united  with  oxygen, 
forming  a  compound  (HO)  termed  toater,  which,  as  is  well  known,  ia 
extensively  diffused  over  the  surface  of  our  globe.  We  invariably  avail 
ourselves  of  this  compound  in  preparing  the  pure  gas. 
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Hydrogen  is  obtained  by  heating  water  in  a  Bmall  flask;  and  passing  its 
vapour  tlm)ngh  a  red-hot  gon-barrel,  filled  with  iron  nails  (a  h,  fig.  12)^  to 


12. 


which  is  attached;  by  means  of  a  cork;  a  delivery-tube;  c  d.  The  oxygen 
of  the  water  combines  with  the  iron,  and  produces  sesquioxide  (FesOt); 
while  the  hydrogen  escapes  at  the  curved  extremity  of  the  delivery-tube,  c, 
and  may  be  collected  in  the  usual  manner.  The  decomposition  of  the  water 
is  thus  represented  by  an  equation :  — 


Wftter. 

8H0 


Iron. 
2Fe 


Setqnloxido 
of  Iron. 


Hydrogen. 
8H. 


-f        2Fe        »  FegO,  + 

Hydrogen  is,  however;  more  conveniently  prepared  by  introducing  pieces 
of  granulated  zinc  into  an  apparatus  (fig.  13)  which  is  termed  an  evolution- 
flask;  and  pouring  over  them  a  mixture  of  water  and  sulphuric  acid.  The 
products  formed  from  Zn,  HO;  and  SOs;  are  hydrogen,  H,  evolved  in  the 
form  of  gaS;  and  sulphate  of  zinC;  ZnO;SOsi  which  remains  in  the  flask. 


One. 
Zn 


Hydntod 
Solphurie  Add. 

-f        HO,SO, 


8nIpbAt«  of 
Zlno. 


Hydrogni. 
ZnCSOj         -f         H. 


In  these  two  oases  the  deoomposition  of  water  depends  upon  the  affinity  of 
oxygen  for  iron  and  zinc. 
Hydrc^n  is  a  colourless;  odourless  gaS;  that  ignites  when  approached  by 
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flame,  and  hum$  with  a  feeble  Hght,  but  with  developmeDt  of  much  heat. 
It  thas  combines  with  the  oxygen  of  the  atmosphere  and  prodooes  water  HO. 
As  one  volume  of  hydrogen  weighs  fourteen  times  less  than  an  equal  bulk 
of  atmospheric  air,  it  follows  that  silk  balls  that  are  filled  with  this  gas  will 
ascend  in  the  atmosphere,  precisely  in  the  same  manner  as  a  cork  will  rise 
in  water.  For  the  purpose,  however,  of  inflating  the  larger  air-balloons,  the 
cheaper  carburetted  hydrogen  (coal-gas)  is  generally  employed. 

Hydrogen  has  at  present  received  no  particular  application  in  the  arta, 
although  it  is  sometimes  employed  for  increasing  the  intensity  of  the  forge- 
fire.  If  we  sprinkle  water  upon  red-hot  coals  it  is  thereby  decomposed,  the 
oxygen  combines  with  the  carbon  to  form  carbonic  acid,  while  the  liberated 
hydrogen  bums  and  developes  a  very  high  degree  of  heat. 

When  hydrogen  is  passed  over  an  ignited  metallic  oxide,  for  instance  over 
protoxide  of  copper  (UuO),  it  combines  with  the  oxygen  of  the  latter,  pro- 
ducing water,  which  escapes  in  the  form  of  vapour,  whilst  the  pure  metal 
remains  behind.  This  mode  of  withdrawing  oxygen  is  termed  deoxidattoHj 
and  is  frequently  employed  by  chemists. 

Compounds  of  Hydrogen. 

27.  Hydrogen  combines  chiefly  with  the  non-metallic  elements,  soaroelj 
any  combinations  of  this  element  with  metals  beiag  at  preeent  known.  From 
5  to  6  per  cent,  of  hydrogen  is  found  in  all  vegetable  and  animal  matters. 

With  chlorine,  bromine,  iodine,  fluorine,  sulphur,  and  some  other  bodiefl^ 
this  element  produces  acid  compounds,  which  have  received  the  name  of 
h^drogen-adds.    Its  most  important  combination,  however,  is  ^— 

Water. 
Formula:  HO  =:  9 ;  Specific  Gravity  =  1. 

28.  When  12  parts  by  weight  of  hydrogen  and  100  of  oxygen,  or,  what 
is  the  same,  two  measures  of  the  former  gas  and  one  of  the  latter,  are  mixed 
together,  no  combination  occurs,  for  under  these  circumstances  they  are  in- 
capable of  uniting.  Their  union,  however,  is  instantaneously  efiected  when 
the  mechanical  mixture  is  brought  into  contact  with  an  ignited  body.  The 
combination  is  attended  with  a  violent  explosion,  that  is,  a  flash  and  load 
report,  both  occasioned  by  the  aqueous  vapour  being  enormously  expanded 
by  heat  at  the  moment  of  its  formation.  This  gaseous  mixture  has  there* 
fore  received  the  name  of  explosive  ga$y  and  to  avoid  the  danger  attending 
experiments  it  should  always  be  prepared  in  small  quantities.  By  means, 
however,  of  a  suitable  apparatus,  a  larger  quantity  of  this  explosive  gas  may 
be  burned,  and  the  water,  formed  during  the  combustion,  collected  in  sufiK- 
cient  quantity  to  convince  the  experimenter  that  it  possesses  all  the  proper- 
ties of  the  purest  water. 

As  we  are  well  acquainted  with  most  of  these  properties,  partly  through 
daily  experience  and  partly  through  physics,  we  intend  to  state  here  only  the 
chemtccU  qualities  of  water.  Although  neither  acid  nor  basic,  but  in  a  high 
degree  neutral  or  indifferent,  water  nevertheless  posaesaea  a  powerful  afini^ 
for  Bumy  chemioal  compounds,  and  more  especially  for  aoida  and  baaea*  Its 
oompounds  with  these  bodies  are  termed  hydrcUes.    In  the  formation  of 
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hydiates  a  development  of  heat  generally  takes  plaee^  and  is  occasioned  by 
tibe  water  passing  into  a  denser  condition,  a  portion  of  its  combined  heat 
being  fflmnltaneonsly  evolved  (Physics,  §  146).  Examples  of  this  kind  are 
the  development  of  heat  in  mixing  strong  solphoric  acid  with  water,  and  in 
the  slakii^  of  lime. 

The  acids  are  more  frequently  employed  in  the  form  of  hydrates,  as,  for 
example,  hydrated  salphnric  acid  (HO^SO,)  than  in  the  anhydrous  condi- 
tion ;  and  when  the  latter  are  not  specially  indicated,  the  hydrates  are  usually 
nndeistood  to  be  meant  when  speaking  of  acids.  The  ioaier  of  hydration 
does  not  admit  of  being  separated  from  acids  by  heaty  but  only  by  the  supe- 
tier  affinity  of  a  metalSc  oxide. 

The  bases,  or  metallic  oxides,  occasionally  acquire  peculiar  colours  in  oom- 
U&iiig  with  water.  Sesqmoside  of  iron  is  red,  whilst  its  hydrate  is  brown ; 
protoxide  of  copper  is  black,  its  hydrate  a  beautiful  blue.  Most  oxides  part 
Wi^  iheir  water  of  hydration  on  application  of  heat,  some  at  a  lower,  others 
at  a  higher  temperature.  Hydrate  of  petassa,  KO,HO,  and  hydrate  of  soda, 
NaO,HO,  however,  do  not  lose  their  water  when  exposed  even  to  the  strongest 
red-heat. 

Water  combines  also  with  salts,  forming  with  their  particles  solid  crystals, 
and  in  this  state  it  is  termed  vmier  of  crystaUtzation.  We  perceive  in  salts 
aad  in  hydrates  that  water  may  be  reduced  to  the  toltd  condition  not  only  by 
low  temperatures,  but  also  by  chemical  affinity ;  anhydrous  salts  are  there- 
fore distinguished  from  such  as  contain  water  of  crystallization.  The  com- 
pound NaO,SOs  is  anhydrous  sulphate  of  soda,  while  NaO,S08+  lOHO  is 
the  same  salt  combined  with  ten  equivalents  of  water.  The  greater  number 
of  salts,  however,  part  with  their  water  in  dry  air  or  when  exposed  to  a  tem- 
perature of  100^  C.  (212^  F.)  In  this  case  the  particles  of  water  escape 
from  between  the  molecules  of  the  salt,  which  then  crumbles  down,  and  ex- 
hibits the  phenomena  termed  efflorescence  of  crystals. 

29.  W^ater  possesses  the  remarkable  property  of  dissolving  a  great  variety 
of  substances }  but  solution  appears  to  be  less  the  result  of  chemical  affinity 
than  of  the  great  attraction  the  water-atoms  possess  for  those  of  the  soluble 
body.  The  former  penetrate  through  the  particles  of  the  latter,  and  destroy 
their  coherence.  Solution  appears  not  to  induce  any  change  in  the  chemical 
properties  of  a  substance,  for  on  application  of  heat  the  water  is  expelled, 
and  we  recover  the  particles  of  the  dissolved  substance,  with  all  its  original 
cohesive  properties  unchanged. 

When  to  the  solution  of  any  substance  a  new  portion  of  the  same  is  added, 
without  becoming  dissolved,  the  solution  is  said  to  be  saturated,  but  in 
general  the  liquid  takes  up  an  additional  quantity  of  the  soluble  substance, 
U  tiie  temperature  be  increased.  If  this  solution  be  now  cooled,  a  portion 
of  the  dissolved  substance  is  usually  separated  in  crystals  of  definite  form 
(Physics  §  19).  Solution  is  therefore  the  n^ns  of  obtaining  bodies  in  the 
crystallized  state.  If,  on  ^  other  hand,  a  dissolved  body  is  suddenly  made 
to  pass  from  the  liquid  to  the  solid  state,  as,  for  example,  when  a  hot  satu- 
rated solution  is  suddenly  cooled,  the  salt  does  not  separate  in  the  form  of 
&tinct  crystals,  but  as  an  amorphous  precipitate.  The  latter  form  is  also 
produced  on  adding  to  the  solution  a  substance  which  produces  an  insoluble 
compound.  If  to  a  solution  of  baryta  (BaO),  in  water,  we  add  sulphuric 
acid,  the  two  compounds  combine  to  fvoduce  the  insoluble  sulphate  of  baryta 
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(BaOySOs),  which  is  immediately  deposited  at  the  bottom  of  the  Tessel,  in 
the  form  of  a  white  precipitate. 

It  is  upon  the  solubility  of  some  compounds,  and  insolubility  of  others, 
the  possibility  of  separating  many  substances  from  each  other  depends, 
and  hence  their  deportment  with  water  is  to  the  chemist  a  most  important 
characteristic. 

30.  The  solvent  properties  of  water  are  the  true  causes  why  we  never 
obtain  this  universal  and  important  fluid  in  natural  and  domestic  economy  in  a 
state  of  purity.  It  constantly  participates  in  the  properties  of  the  matnifold 
sources  whence  it  is  derived,  or  through  which  we  obtain  it  Whenever  it  is 
in  contact  with  the  soil,  it  invariably  dissolves  the  soluble  constituents ;  and 
hence  it  follows  that  water  springing  from  rooks  which  are  only  slightly 
soluble,  as  sandstone  and  granite,  is  very  pure,  and  is  called  toft  wcUer,  while 
that  which  is  derived  from  calcareous  formations  is  termed  hard  tocUery  and 
contains  a  deal  of  lime,  which  produces  an  incrustation  on  the  sidea  and 
bottom  of  the  vessel  wherein  it  is  boiled.  The  water  of  springs  which  have 
their  source  at  a  greater  depth  possesses  a  higher  temperature,  reaching  in 
some  instances  to  the  boiling  heat;  these  sources  have  received  the  name  of 
thermal  springs.  If  water  meets  on  its  passage  through  the  soil,  with  car- 
bonic add,  hydrosulphuric  add,  salts,  &c.,  a  portion  of  these  compounds 
enter  into  solution,  and  impart  to  the  water  peculiar  properties,  such  aa  are 
exhibited  in  the  waters  of  mineral  springs,  Sea^water  contains  in  solution 
so  many  salts,  especially  common  salt  and  sulphate  of  magnesia,  as  to  be 
entirely  unfit  for  the  ordinary  purposes  of  life. 

Water,  distilled  from  a  retort  (Physics,  §  129),  is  free  from  all  non-volatile 
substances,  and  next  to  it  in  point  of  purity  ranks  that  which  is  distilled  in 
Nature's  laboratory,  vii.,  rain.  The  latter  is  therefore  especially  employed 
in  many  of  the  arts  which  require  pure  water,  as  in  dyeing,  washing,  &c 

8.  NITROGEN. 
Symbol :  N  =  14 ;  Specific  Gravity  =  0-976. 

81.  Five  volumes  of  common  air  contain  four  of  nitrogen,  mixed  with  one 
of  oxygen;  this  element,  therefore,  constitutes  four-fifths  of  the  entire 
atmosphere.  The  proportion  of  nitrogen  in  the  solid  portion  of  the  earth  is 
very  small;  it  is  rare  in  mineral,  and  only  sparingly  found  in  vegetable 
substances ;  but  it  is  more  abundant  in  animal  bodies.  Nitrogen  may  be 
easily  prepared  in  the  following  manner :  A  large  flat 
cork  is  floated  on  the  surface  of  the  water  in  the  pneu- 
matic trough.  On  this  is  placed  a  small  porcelain  cap- 
sule, containing  a  fragment  of  phosphorus,  which  is 
ignited  and  then  immediately  covered  over  by  a  large 
l^ll-jar  as  shown  in  fig.  14.  The  jar  being  immersed 
about  an^ch  deep  in  the  water,  prevents  the  air  from 
escaping.  The  burning  phosphorus  combines  with  the 
oxygen  of  the  air  contained  in  the  bell-jar  and  produces 
phosphoric  acid  (POj),  which  is  dissolved  by  the  water, 
while  nitrogen,  amounting  to  four-fifths  of  the  air  in 
14.  the  bell-jar,  remains. 

It  is,  however,  more  convenient  to  employ,  instead  of  the  phosphorus,  a 
few  drops  of  naphtha  or  spirit  of  wine,  since  the  vapours  of  phosphoric  add 
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TemaiQ  some  time  before  they  are  dissolyed  by  the  water^  while  the  little 
carbonic  acid  produced  by  the  combuBtion  of  the  naphtha  in  no  way  interferes 
with  the  results  of  the  experiment. 

This  gas  is  odourless  and  colourless,  and  not  injurious  to  health,  for  large 
quantities  are  continually  taken  into  the  stomach  and  lungs  in  the  processes 
of  respiration  and  deglutition.  If  a  bur- 
ning body  be  introduced  into  a  cylinder 
of  pure  nitrogen  as  in  fig.  15,  it  is  in- 
stantly extinguished,  and  animals  pkced 
therein  soon  die  for  the  want  of  oxygen 
which  is  indispensable  to  their  respiration. 

32.  The  atmogphere  contains,  moreover, 
many  volatile  substances,  such  as  carbonic 
acid,  to  the  extent  of  4  volumes  in  10,000, 
and  aqueous  vapour,  which  varies  in  quan- 
tity according  to  the  temperature  (Physics, 
§  132).  On  the  other  band,  many  impu- 
rities, such  as  those  arising  from  the  ex- 
halations of  men,  animals,  and  decaying  matter,  escape  into  the  almost 
illimitable  atmosphere.  The  presence  of  these  substances  can,  therefore, 
only  be  detected  and  chemically  ascertained  at  the  place  of  their  formation. 

Compounds  of  Nitrogen. 

33.  Nitrogen  possesses  only  a  feeble  affinity  for  other  substances.  With 
many,  especially  with  metals,  it  does  not  appear  to  combine,  and  its  com- 
pounds with  the  other  elements  are  all  very  readily  decomposed. 

Citric  Acid,  HOjNOj. — ^This  acid  is  obtained  in  the  form  of  hydrate,  by 
distilling  in  a  glass  retort  (fig.  16),  1  lb.  of  nitre  with  an  equal  weight  of 
sulphuric  acid.  The  pure  acid  is 
colourless,  of  peculiar  odour,  and 
caustic  acid  taste;  it  impartJB  a 
yellow  colour  to  vegetable  and 
animal  substances,  and  finally  de- 
stroys them.  It  also  dissolves 
most  of  the  metals,  a  property  de- 
pendent upon  the  readiness  with 
which  its  oxygen  combines  with 
other  elements,  hence  nitric  acid 
is  frequently  employed  by  the 
chemist  as  a  means  of  oxidation. 
In  processes  of  this  nature,  the 

acid  loses   three  equivalents  of  16. 

oxygen,  a  compound  NO2  being 

produced,  which  is  a  colourless  gas,  and  is  called  hinoxide  of  nitrogen. 
This  gas  has  the  remarkable  property  of  instantly  absorbing  oxygen  from 
the  air,  and  becoming  thereby  converted  into  the  brownish-red  vapour  of 
nitrous  acid,  NO3,  which  possesses  a  highly-suflfocating  odour.  Nitrous  acid 
in  contact  with  water  decomposes  into  binoxide  of  nitrogen  and  nitric  acid, 
as  is  .shown  in  the  following  equation : — 

8N0,      -f      nHO      r=r      NO5      -f      2N0,      -f      nHO. 
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The  peculiar  behaviour  of  binoxide  of  nitrogen  in  contact  with  the  air  and 
of  nitrous  acid  in  the  presence  of  water,  is  of  great  practical  importance  in 
the  manufacture  of  sulphuric  acid,  as  will  be  subsequentlj  shown. 

Nitric  acid  is  employed  in  medicine  as  a  caustic,  also  in  dyeing,  and  for 
dissolving  and  separating  metals.  The  acid  of  commerce,  termed  aqua/artia^ 
is  never  perfectly  pure,  and  is,  to  a  certain  extent,  diluted  with  water. 

Protoxide  of  Nitrogen  (NO).  This,  the  lowest  oxide  of  nitrogen,  b  pre- 
pared in  the  following  manner :  —  Nitrate  of  ammonia  is  heated  in  a  small 
glass  retort  (fig.  17),  furnished  with  a  bent  glass  tube  dipping  into  a-pneo^ 


17. 

matic  trough  filled  with  warm  water.  The  substance  fuses  and  enters  into 
ebullition,  evolving  a  large  quantity  of  gas  which  may  be  collected  in  the 
usual  manner.  Tho  decomposition  will  be  rendered  intelligible  by  the  fol- 
lowing equation : — 

Nitrate  of  Ammonia.     Protoxide  of  Nitrogen.     Water. 
NH^CNOg        =x        2N0        +        4H0. 

The  protoxide  of  nitrogen  is  a  colourless,  odourless  gas,  having  a  somewhat 
sweetish  taste.  It  is  a  powerful  supporter  of  combustion,  and  a  piece  of 
ignited  charcoal  will  burn  in  it  almost  as  brilliantly  as  in  oxygen.  Whea 
respired  this  gas  produces  a  kind  of  intoxication  of  a  most  exhilarating  cha- 
racter, accompanied  by  very  agreeable  sensations :  hence  it  has  commonly 
received  the  name  of  laughing-gas, 

84.  Ammonia,  NH4O.  — This  compound  of  nitrogen  and  hydrogen  pos- 
sesses all  the  properties  of  a  powerful  base ;  it  will  be  therefore  described 
with  the  metallic  oxides. 


Symbol:  Q: 


4.  CHLORINE. 
:  86-6 ;  Specific  Gravity  tss  2*44. 


35.  Chlorine  occurs  almost  exclusively  in  the  mineral  kingdom,  and  mostly 
in  combination  with  sodium,  with  which  it  produces  the  compound  known 
to  every  one  as  culinary  salty  and  termed  by  chemists  chloride  of  sodianny 
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NaCl.     In  the  free  state,  chlorine  is  obtained  by  heating  hydrochloric  acid 
with  binoxide  of  manganese,  as  shown  in  fig.  18. 


18. 

Chlorine  differs  remarkably  from  the  gases  hitherto  described.  It  pos- 
sesses a  slightly  greenish-yellow  colour,  and  a  peculiarly  suffocating  odour. 
When  inhaled,  it  attacks  the  lungs  violently,  and  hence,  it  must  be  con- 
sidered as  highly  pernicious;  and  all  experiments  with  this  gas  should  be 
conducted  with  the  greatest  care.  Chlorine  is  soluble  in  water,  to  which  it 
imparts  its  properties  (chlorine-water). 

Compounds  of  Chlorine. 

36.  Chlorine  possesses  a  remarkably  powerful  affinity  for  other  substances, 
exceeding,  in  many  cases,  even  that  of  oxygen.  It  attacks  gold  and  all  the 
other  metals,  and  is  especially  distinguished  by  its  great  attraction  for  hydro- 
gen. Wherever  it  meets  with  this  element,  in  combination  with  other  sub- 
stances, it  displays  a  remarkable  tendency  to  withdraw  it,  and  to  produce 
hydro-chloric  acid  (HCl.) ;  and  as  all  vegetable  and  animal  substances  con- 
tain hydrogen  (§  27),  they  are  destroyed  without  exception,  when  exposed 
to  the  influence  of  this  gas,  but  if  in  contact  for  a  shorter  period,  the  sur- 
&06  only  is  attacked.  This  pernicious  property  of  chlorine,  however,  admits 
of  many  highly-valuable  applications.  Most  of  the  colouring  matters  of  the 
vegetable  kingdom,  as  well  as  the  fetid  exhalations,  so  prejudicial  to  health, 
which  arise  from  decaying  animal  and  ve^table  substances,  contain  hydro- 
gen, and  if  brought  into  contact  with  chlorine,  are  immediately  destroyed 
by  ^e  withdrawal  of  their  hydrogen. 

This  property,  therefore,  renders  chlorine  available  in  the  process  of 
bleaching  and  in  that  of  purifying  air,  a  subject  to  which  we  shall  again 
return. 
15 
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(1.)  ChUme  Acid  (CIO5)  and  Chhrom  Acid  rClO,).  —  These  acids  are 
employed  only  in  combination  with  bases,  and  will  oe  subsequently  described. 

(2.)  Hydrochloric  Acid  (HCl.)  —  Tbis  compound  is  often  in  solution 
when  common  salt  is  treated  with  sulphuric  acid,  and  the  evolved  gas  passed 
into  water,  until  the  latter  is  saturated.  In  order  to  prepare  the  liquid  acid, 
equal  parts  of  common  salt  and  concentrated  sulphuric  acid,  diluted  with  a 
third  of  its  weight  of  water,  are  introduced  into  a  large  flask  (fig.  19),  and 


the  mixture  heated  on  a  charcoal  furnace.  The  flai&  is  connected  by  means 
of  a  glass  tube,  with  a  wash-bottle,  containing  a  small  quantity  of  water,  in 
order  to  retain  a  little  sulphurous  acid,  with  which  the  gas  may  be  contami- 
nated. In  connexion  with  this  are  two  other  tubulated  bottles  of  larger 
dimensions,  and  three-fourths  filled  with  cold  water,  by  which  the  gas  is 
condensed.  Thb  method  of  preparing  hydrochloric  acid  is  thus  expressed 
in  an  equation :  — 

Chloride  of  Hrdrated  Sulphate  of  Ilydroehloric 

Sodiom.  Salpburie  Add.  Soda.  Add. 

NaCl      +      H0,80,      s      NaO,SOg      +      Ha. 

The  liquid  thus  obtained  possesses  the  odour  and  taste  of  a  strong  acid, 
but  is  less  destructive  in  its  effects  than  either  sulphuric  or  nitric  acid.  In 
the  manufacture  of  soda,  this  acid  is  obtained  in  enormous  quantities  as  a 
waste  product,  and  usually  possesses  a  yellow  colour,  which  is  caused  by 
contamination  with  iron.  Its  applications  are  very  numerous,  being  used 
in  medicine,  in  many  chemical  operations,  and  especially  in  the  preparation 
of  chlorine.  When  mixed  with  nitric  acid,  it  forms  the  so-called  aqua 
regia,  which  is  employed  for  dissolving  gold. 

When  equal  measures  of  chlorine  and  hydrogen  are  mixed  together,  and 
exposed  to  the  direct  light  of  the  sun,  they  instantly  combine,  and  give  rise 
to  a  violent  explosion.  In  the  shade,  however,  or  by  candle-light,  these 
ffases  may  be  mixed  in  a  flask  without  danger.  This  is  one  of  the  most 
beautiful  chemical  experiments. 
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5.  BROMINE. 
Symbol:  Br  txa  80;  Speoifio  Orayitj  »  2-966. 

37.  BromiDe  is  one  of  the  rarer  elements,  being  found  only  in  small 
quantities,  combined  with  sodium  and  ma^inesium,  in  the  salts  of  sea^water, 
and  of  many  saline  springs,  espeoiallj  tnose  of  Kreutznach,  in  which  it 
occurs  in  the  largest  quantity. 

When  prefMnred  in  the  pure  state,  it  forms  a  dark-brown,  reddish  liquid, 
of  peculiar  odour,  resembling  that  of  chlorine.  It  has,  at  present,  received 
no  application  in  the  arts;  but  it  appears  to  impart  partioular  medioiual 
properties  to  the  waters  in  which  it  is  found,  and  for  which  reason  it 
deserves  to  be  mentioned. 

6.  IODINE. 
Symbol :  I.  ==  127'1 ;  Specific  Gravity  =*  4'97. 

38.  Iodine  occurs  more  frequently  than  the  body  just  described,  but  it  is 
nevertheless  considered  as  one  of  the  rarer  elements.  It  is  found  in  com- 
bination with  sodium  and  magnesium,  in  sea-water,  and  in  almost  all  marine 
plants  and  animals.  It  is  also  contained  in  many  springs.  This  element  is 
the  first  solid  body  we  have  to  describe ;  its  colour  is  grayish-black,  and  it  is 
almost  as  lustrous  as  black-lead ;  it  possesses  a  peculiarly  disagreeable  odour, 
somewhat  similar  to  that  of  chlorine,  and  it  imparts  a  brown  colour  to  the 
skin  and  to  v^taUe  substances  when  left  in  contact  for  a  considerable 
time.  By  heat  it  is  converted  into  a  beautiful  violet  vapour,  which,  on 
cooling,  solidifies  again  into  small  black  plates.  Iodine  is  likewise  distin- 
guidira  by  producing  with  starch  a  deep  violet  colour,  which  furnishes  us 
wiUi  an  excellent  test  for  recognising  the  presence  of  the  one  or  the  other. 

Iodine  is  poisonous  in  the  free  state  as  well  as  in  combination  with 
metals,  bat  it  nevertheless  forms  an  important  remedial  agent  which  exerts 
a  specific  influence  in  diseases  of  the  glands,  bronchocele,  and  scrofula.  The 
medicinal  properties  of  cod-liver  oil  and  burnt  sponge  are  chiefly  due  to  the 
presence  of  iodine.  If  iodine  be  dissolved  in  spirits  of  wine,  and  the  solu- 
tion mixed  with  aqueous  ammonia,  a  black  precipitate  is  obtained,  consisting 
of  iodine  and  nitrogen.  When  this  compound  is  dried,  the  slightest  firic- 
tion  instantly  decomposes  it  into  its  constituents,  with  violent  explosion.  In 
making  this  experiment,  it  is  therefore  necessary  to  operate  on  the  small 
soak  and  to  proceed  with  the  greatest  care. 

7.  FLUORINE. 
Symbol:  Fl  »  19;  Specific  Gravity  a  1-28. 

89.  Fluor-spar  is  a  mineral  occurring  in  many  places,  but  not  in  large 
quantities;  it  is  a  compound  of  fluorine  and  calcium  (CaFl.)  The  element 
fluorine  is  a  gaseous  body,  extremely  difficult  to  prepare,  on  account  of  the 
great  facility  with  which  it  combines  with  other  substances ;  it  is  especially 
distinguished  by  its  powerful  affinity  for  silicic  acid,  with  which  it  instantly 
combines  when  brought  into  contact  All  glass  contains  silicic  acid,  and  is 
attacked  and  decomposed  by  most  of  the  fluorine  compounds :  we  therefore 
avail  ourselves  of  this  property  in  etching  upon  glass,  a  process  conducted 
in  the  follovring  manner.  ^ 
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A  plate  of  glass  is  oovered  with  a  thiD  coating  of  wax,  and  blackened  by 
holding  it  over  the  flame  of  a  candle,  the  design  being  then  traced  upon  the 
surface  with  a  needle.  The  plate  thus  prepared,  is  now  placed  over  a  leaden 
vessel  of  snffioient  size;  containing  a  mixture  of  pulverized  fluor-spar  and  sul- 
phuric acid,  which  is  gently  warmed.  The  pungent,  acid-smelling  vapour 
of  hydrofluoric  acid  (HFi)  is  evolved,  and  attacks  the  glass  wherever  it  is 
bare.  After  10  or  20  minutes,  the-  plate  is  removed,  and  gently  warmed,  in 
order  to  free  it  from  wax,  when  the  etching  becomes  distinctly  visible.  The 
vapours  of  hydn^uorio  acid  are,  however,  very  pernicious,  and  attack  even 
the  skin :  the  greatest  care  is  therefore  required. 

Bromine,  iodine,  and  fluorine  form  with  oxygen  and  with  hydrogen  classes 
of  compounds  analogous  to  those  of  chlorine. 


8.  SULPHUR. 
Symbol :  8=16;  Specific  Gravity  s  2. 

40.  In  Sicily  and  the  neighbourhood  of  Naples,  are  found  large  masses 
of  pure  native  sulphur,  between  limestone  and  marly  clay.     As  obtained, 

however,  it  is  never  perfectly 
free  from  earthy  matters,  and 
it  has  therefore  to  be  refined 
or  purified. 

This  process  is  eflected  in  a 
retort  of  brass  or  iron,  a,  fig. 
20,  communicating  by  the 
arched  channel  x,  with  a  large 
brick  chamber,  dyd^dyd,  which 
serves  the  purpose  of  a  re- 
ceiver. The  retort  is  placed 
over  a  furnace.  The  vapour 
of  the  sulphur  generated  in 
the  retort  passes  through  the 
channel  x  into  the  chamber, 
'  where  it  condenses  in  the  form 
of  a  fine  powder,  which  is 
known  as  flowers  of  sulphur. 
The  chamber  is  furnished  with 
a  valve,  «,  to  allow  the  heated 
air  to  escape,  and  at  the  same 
time  to  prevent  the  ingress  of 
the  external  air  of  the  atmo- 
sphere.  In  the  arrangements  formerly  in  use,  it  was  necessary,  in  order  to 
charge  the  retort,  to  open  the  door,  whereby  explosions  were  frequently  oc- 
casioned by  the  mixture  of  air  with  the  heated  vapour  of  sulphur.  This 
danger  is  now  avoided,  by  placing  outside  the  furnace  a  reservoir,  which  is 
heated  by  the  hot  air  of  the  furnace  during  its  passage  to  the  chimney,  m. 
This  vessel  is  connected  with  the  retort  by  the  pipe,  closed  by  a  plug.  The 
crude  sulphur,  as  it  melts,  becomes  deprived,  to  a  certain  extent,  of  foreign 
matters,  which  settle  to  the  bottom,  the  fused  sulphur,  already  partly  puri- 
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fied,  being  admitted  through  the  tabe  into  the  retort  When  the  operation 
IB  completed^  the  fased  sulphur  on  the  floor  of  the  chamber  b 
drawn  off  through  the  small  channel,  r^  whoso  aperture  had  been 
closed  by  means  of  a  plug,  ho.  The  sulphur  is  then  cast  into 
cylindric  wooden  moulds,  as  shown  in  fig.  21,  and  in  this  form  oon- 
stitutes  the  roll  sulphur  of  commerce. 

Sulphur  is  also  frequently  met  with  in  other  places,  chiefly, 
however,  in  eombination  either  with  metals,  as  in  iron  pyrites 
(PeSa),  G<^per  pyrites  (CuS),  &c.,  or  combined  with  oxygen,  as 
sulphuric  acid  in  sulphate  of  lime  (CaOjSOg),  which  forms  entire 
mountains.  It  is,  moreover,  ^quently  met  with  in  vegetable  and 
animal  matters,  particularly  in  all  albuminous  substances,  or  gene- 
rally in  such  as  evolve  the  odour  of  rotten  eggs  when  suffering 
decomposition. 

The  ordinary  properties  and  applications  of  sulphur  are  well  known. 
It  is  used  in  talnng  casts  of  medals,  in  the  manufacture  of  matches  and  sulphur 
threads,  and  also  in  medicine,  besides  a  variety  of  other  purposes  which  have 
yet  to  be  mentioned.  This  element  fuses  at  108®  C.  (226-4*'  F.),  and  at 
316**  C.  (700**  F.)  is  converted  into  a  reddish  vapour :  in  water  and  most 
other  liquids  it  is  insoluble,  although  it  dissolves  in  hot  linseed-oil,  and  oil 
of  turpentine ;  it  is,  moreover,  soluble  in  bisulphide  of  carbon  (see  §  60),  from 
which  it  may  be  obtained  in  beaudfully-crystallized  double  pyramids.  When 
rubbed  with  cotton,  the  sticks  of  sulphur  acquire  electrical  properties. 

Compounds  op  Sulphuk. 

41.  Chemis^  and  the  arts  are  indebted  to  sulphur  for  one  of  the  most 
important  compounds. 

?1.)  Sulphuric  acid. — This  acid  is  always  employed  in  the  form  of  hydrate, 
HO,SOs,  (§  28).  Its  preparation  is  carried  on  in  extensive  manufactories, 
where  sulphurous  acid  (SO)a),  nitrous  acid  (NOg),  and  aqueous  vapours  (HO) 
are  mixed  together  in  large  leaden  chambers. 


Sulphurous 
Add. 


Nitrons 
Add. 


Water. 


BjdnitA 
Solphurio  Add. 


Blnoxide 
of  Nitrogen. 


80,      +      NO,      +     HO    —     HO,SO,      +      NO^ 

The  above  equation  illustrates  the  formation  of  hydrated  sulphuric  acid, 
which  collects  on  the  bottom  of  the  chambers  while  binoxide  of  nitrogen 
remains.  If  at  this  stage  of  the  process  an  additional  quantity  of  steam,  sul- 
phurous acid,  and  atmospheric  air,  be  admitted  into  the  chamber,  the  binoxide 
of  nitrogen  absorbs  oxygen  from  the  air,  and  is  converted  into  nitrous  acid 
(see  §  33).  We  thus  again  obtain  the  requisite  mixture  for  the  farther  for- 
mation of  sulphuric  acid.  In  this  manner  the  process  may  bo  carried  on 
without  intermission.  The  acid,  however,  as  prepared  in  the  leaden  cham- 
bers, is  diluted  with  too  large  an  amount  of  water,  and  is,  therefore,  after- 
wards heated  in  a  platinum -still,  when  the  water  is  expelled,  and  a  concen- 
trated acid  remains,  which  at  the  ordinary  temperature  has  a  specific  gravity 
of  1-85,  and  boils  onljr  at  326*^  C.  (618-8°  F.  Although  the  stills  of  pla- 
tinum  employed  for  this  purpose  are  very  costly,  varying  m  value  from  1000^. 
to  2000^.,  they  are,  nevertheless,  preferred  to  glass  retorts,  on  account  of 
their  durability.  ^ 
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The  hydrate  of  solphurio  acid  is  a  colourless,  odouriess,  highly  oaustio, 
acid  liquid,  and  is  distinguished  by  its  power  of  combining  with  a  farther 
quantity  of  water.  It  withdraws  water  from  moist  air,  as  well  as  from 
vegetable  and  animal  substances,  whereby  the  carbon  contained  in  the  latter 
becomes  at  once  evident.  Almost  all  organic  substances,  when  acted  upon 
by  sulphuric  acid,  are  instantly  blackened,  and  forthwith  entirely  carbonized 
and  destroyed.  It  is,  therefore,  in  the  hands  of  the  careless  and  inexpe- 
rienced, a  very  dangerous  liquid. 

Sulphuric  acid  dissolves  most  of  the  metals,  and  possesses  so  powerful  an 
affinity  for  the  metallic  oxides,  that  it  is  capable  of  displacing  almost  all  the 
other  acids  when  they  are  in  combination  with  bases.  It  is,  therefore,  em- 
ployed in  the  preparation  of  most  of  the  acids,  for  example,  of  nitric,  phos- 
phoric, acetic,  hydrochloric,  and  many  others.  It  may  be  considered  as  the 
basis  of  all  chemical  manufactures ;  and  so  important  is  it  in  the  arts,  that, 
in  the  year  1840,  Qreat  Britain  was  on  the  point  of  declaring  war  against 
Naples,  when  she  beheld,  for  the  moment,  her  entire  industry  endangered 
by  the  restrictive  measures  of  the  government  of  that  country,  which  bur- 
dened sulphur  with  excessive  export  duties.  An  idea  may  be  formed  of  the 
extraordinary  consumption  of  this  acid,  when  it  is  mentioned  that  in  a  single 
manufactory  in  Glasgow,  that  of  Messrs.  Tennant  &  Co.,  upwards  of  6,000 
tons  are  annually  produced.  The  price  of  soda,  soap,  hydrochloric  acid, 
chlorine,  matches,  stearin  candles,  calico,  paper,  &c.,  stand  in  the  closest 
connection  with  that  of  sulphur ;  and  it  may  be  justly  asserted,  that  the 
total  consumption  of  this  acid  in  any  country  is  a  sure  test  of  its  industrial 
capabilities.  As  the  acid  was  first  manufactured  in  England  [by  the  prooess 
described  above],  it  is  termed  on  the  continent  English  sulphuric  acid. 

Fuming    sulphuric    aoid,   which  is   a 
'^.^^  mixture  of  anhydrous  aoid  and  the  hydrate, 

'  =  SOg  +  HO,SO„  distils  over  when  sul- 

phate of  protoxide  of  iron  for,  as  it  is 
usually  termed,  green  vitnol)  is  first 
roasted,  and  then  strongly  heated  in  an 
earthen  retort.  In  the  neighbourhood  of 
the  Hartz  Mountains  where  this  acid  is 
chiefly  manufactured,  the  dried  vitriol  is 
introduced  into  earthen  retorts  (a,  fig.  22,) 
several  of  which  are  arranged  in  a  furnace, 
and  gradually  heated.  As  soon  as  white 
vapours  appear,  the  receivers,  &,  containing 
a  small  quantity  of  common  concentrated 
sulphuric  acid,  are  firmly  luted  to  the  re- 
torts, and  the  process  continued  until  no 
more  aoid  passes  over.  The  acid  thus  ob> 
tained  is  a  brownish-coloured,  oily  liquid, 
and  was  therefore  formerly  termed  oil  of 
vitriol.  Exposed  to  the  atmosphere,  it 
evolves  vapours  of  anhydrous  sulphuric  acid,  and  by  this  property,  as  well 
as  by  the  power  it  possesses  of  dissolving  indigo,  it  is  distinguished  from  the 


hydrate, 
aoid. 


The  fuming  acid  is  also  termed  Saxon  or  Nbrdhausen  sulphuric 
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42.  (2.)  Su^phmraus  Add,  802.  — When  snlphur  is  boated  in  the  atmo- 
sphere It  bnrns  with  a  blue  flame,  and  forms  this  pungent,  suffocating, 
cdourless  gas,  which  slowij  attracts  oxygen  from  the  air,  and  is  thereby 
oonverted  into  sulphuric  acid.  If  a  sufficient  quantity  of  sulphur  be  burned 
in  a  cask,  the  sulphurous  acid  formed  removes  the  whole  of  the  oxygen  of 
die  enclosed  air,  and  oonsequenUy  destroys  its  power  of  acidifying  wine  or 
beer  that  may  be  afterwards  introduced  into  it.  This  process,  termed  sul- 
pkurizin^y  or  burning  out  of  casks,  is  practised  chiefly  with  the  view  of 
remoring  oxygen.  Sulphurous  acid  is,  moreover,  employed  as  a  remedial 
agent  in  various  diseases  of  the  skin,  and  for  bleaching  straw,  wool,  and 
feathers. 

43.  (8.)  ^drotuhhuric  Acid,  HS. — This  acid  is  a  colourless,  fetid- 
smelling  gas,  which  is  evolved  on  treating  a  metallic  sulphide,  such  as  sul- 
phide <^  iron  rFeS),  with  dilute  sulphuric  acid.  It  is,  moreover,  formed 
by  the  putrefiK^tion  of  vegetable  and  animal  matters  containing  sulphur,  such 
as  night-soil,  &e.,  and  may  be  easily  recognised  by  its  odour,  which  is  abun- 
dantly evolved  from  rotten  eggs.  This  gas  is  highly  poisonous,  and  proves 
instantly  fatal  when  breathed  in  the  pure  state.  Many  serious  accidents 
have  happened  to  workmen  who  have  incautiously  entered  sewers  and  other 
places  where  animal  matter  is  in  a  state  of  decomposition.  In  such  cases 
the  eareful  inhalation  of  chlorine,  mixed  with  atmospheric  air,  has  been 
found  to  produce  very  benefleial  effects. 

Hydrosnlphurio  acid  is  soluble  in  water,  to  which  it  imparts  its  properties, 
as  is  observed  in  the  sulphur  springs  in  which  this  fetid  gas  is  contained. 
The  deportment  of  hydrosulphuric  acid  towards  the  Jieav^  metals  and  their 
oxides  is  highly  important  to  the  chemist,  for  when  a  current  of  this  gas  is 
passed  into  a  action  of  a  metallic  oxide,  such  as  oxide  of  lead,  the  sulphur 
ooml»ne8  with  the  metal,  producing  an  insoluble  compound,  which  is  imme- 
diately thrown  down  as  a  precipitate  of  peculiar  colour. 

This  gas  is  capable  of  precipitating  all  the  metals  from  their  solutions,  in 
the  form  of  sulphides,  and  it  furnishes  us  with  a  valuable  means,  not  only 
of  discovering  the  presence  of  metals  in  a  liquid,  but  of  effecting  their  com- 
I  sepantioB. 

GoLOuaa  of  Metallic  Sulpudbs. 


Black. 

Brown. 

Orange. 

Fleth-ooloor. 

TeUow. 

White. 

Sulphide  of 

Lead. 

Copper. 

Antimony. 

Manganese.* 

Arsenic. 

Zinc* 

M 

Bismuth. 

Tin(Proto- 

Tin. 

U 

Meroury. 

salU). 

Cadmium. 

<« 

Silver. 

(« 

Cobalt* 

(( 

NickeL* 

<c 

Gold. 

« 

Platinuni. 

« 

Iron*  (FeS) 

The  metals  in  the  first  oolunm  are  mostly  precipitated  from  dilute  solu- 
tions of  a  brown  colour,  which,  however,  slowly  passes  into  blade  ;  those 
mariked  *  are  thrown  down  by  hydrosulphuric  acid  from  alkaline,  the  others 
from  acid  solutions. 
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The  peoofiar  colour  imparted  to  silver  spoons  used  in  eating  ^gs  and  fish, 
and  the  blackening  of  white-lead  paint  in  stableS;  &q,,  is  solely  due  to  tto 
formation  of  metaUio  sulphides. 

9.  PHOSPHORUS. 
Symbol :  P  =  82 ;  Specific  Gravity  =  1'76. 

44.  Although  phosphorus  is  pretty  generally  diffused,  and  is  everywhere 
met  with  in  the  soil,  in  the  form  of  phosphates,  it  nevertheless  occurs  always 
in  very  small  quantity,  and  hence  belongs  to  the  rarer  elements.  From  the 
soil  the  phosphates  are  absorbed  by  many  plants  constituting  the  food  of 
animals,  and  from  which  the  phosphorus  contained  in  the  animal  organism 
is  derived.  The  animal  body,  indeed,  forms,  as  it  w^e,  the  store-house  of 
phosphorus,  for  it  is  met  with  in  eggs,  in  the  brain,  nerves,  and  flesh,  and 
especially  in  the  flesh  of  fishes.  The  greatest  quantity,  however,  is  contained 
in  the  bones,  that  consist  ofphosphateof  lime(8CaO,POs),  from  which  the 
phosphorus  of  commerce  is  principally  derived. 

This  element  is  invariably  prepared  from  phofphoric  add,  which  is 
obtained  by  treating  bones,  burnt  to  whiteness  (bone-ash),  with  sulphurio 
acid.  The  acid  combines  with  the  lime  to  form  insoluble  sulphate  of  lime 
(CaO,SO,),  and  thus  liberates  the  phosphoric  acid  which  is  ooncentrated  by 
evaporation,  mixed  with  pulverized  charcoal,  and  ignited  in  an  earthen  retort. 
The  carbon  combines  with  the  oxygen  of  the  phosphoric  acid,  forming  car- 
bonic oxide,  while  the  liberated  phosphorus  distib  over,  and  is  condensed  in 
the  receivers,  which  are  filled  with  water. 

Phosphorus,  when  perfectly  pure,  is  a  colourless,  transparent  body,  as  sofl 
as  wax,  and  is  easily  out  with  a  knife.  When  exposed  to  the  light  it  speedily 
acquires  a  yellow  colour,  and  becomes  opaque ;  in  the  air  it  evolves  whits 
vapours,  which  are  luminous  in  the  dark,  and  possess  the  odour  of  garlic 
This  luminosity  appears  to  be  due  to  oxidation,  as  the  fumes  emitted  are 
found  to  consist  of  phosphorous  acid  (PO,).  At  36°  C  (96°  F.)  pho^horus 
fuses  ^  and  at  70°  C.  (158°  F.)  inflames,  with  formation  of  anhydrous  phos- 
phoric acid,  that  appears  as  a  snow-white  powder  which  rapidly  attracts 
moisture  from  the  atmosphere,  and  is  thereby  liquefied.  The  facility  with 
which  phosphorus  inflames  renders  it  a  highly-dangerous  body ;  the  warmth 
of  the  hand,  especially  if  accompanied  by  friction,  being  sufficient  to  ignite 
it.  For  this  reason  it  is  always  preserved  in  vessels  filled  with  water. 
Experiments  made  with  phosphorus  require  the  greatest  precaution,  the 
neglect  of  which  has  already  occasioned  many  serious  accidents. 

But,  on  the  other  hand^  the  facility  with  which  phosphorus  ignites  by 
slight  Action  renders  it  very  suitable  to  the  manufacture  of  the  common 
luci/er  matches,  and  its  importance  and  preparation  have  been  very  much 
increased  by  the  extensive  consumption  of  the  above-mentioned  useful 
commodity. 

The  history  of  phosphorus  is  of  remarkable  interest,  it  having  been  acci- 
dentally discovered  in  1669,  by  an  alchemist  of  the  name  of  Brandt,  while 
engaged  in  the  process  of  transmutation.  On  account  of  its  scarcity,  it  was 
sold  at  first  for  its  weight  of  gold,  but  at  the  present  time  the  price  has  fallen 
to  about  three  shillings  per  pound.  The  existence  of  manufactories  in  which 
upwards  of  100  lbs.  of  phosphorus  are  daily  prepared,  ofiers  a  remarkable 
proof  of  what  improvement  Uie  manufacture  is  susceptible,  whilst  it  incon- 
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teetably  sbows  that  by  the  increased  coiisamption  the  prioe  has  become 
proportionablj  diminished,  and  the  quality  of  the  preparation  improved. 

Of  the  compounds  of  phosphorus,  we  have  abready  mentioned  phosphorous 
acid  (POs)  and  phosphoric  acid  (PO5).     The  latter  is  a  powerful,  uthough 


28. 

not  a  catutic  acid,  and  is  employed  in  medicine  both  in  the  firee  state  and  in 
combination  with  soda. 

Phosphide  of  Hydrogen,  PH,. — ^This  gas,  commonly  termed  phosphu- 
retted  hydrogen,  is  obtained  by  heating,  in  a  flask  (fig.  28),  small  fhigments 
of  phosphorus  with  milk  of  lime,  or  solution  of  caustic  potassa.  It  possesses 
a  disagreeable  garlio-Iike  odour,  spontaneously  inflames  when  brought  into 
contact  with  atmospheric  air,  and  produces  most  beautiful  ringlets  of  smoke. 

10.  ARSENIC. 
Symbol :  As  aes  75 ;  Specific  Gravity  ss  5-7. 

45.  Arsenic  has  so  many  properties  of  the  metals,  that  it  appears  to  form 
the  connecting  link  between  the  non-metallic  and  metallic  elements,  and  is 
by  many  classed  with  the  latter  bodies.  It  generally  presents  a  gray,  me- 
tallic appearance,  and  possesses  a  coDsiderable  specific  gravity.  Hence  we 
did  not  hesitate  to  classifv  it  in  §  48,  with  the  metallic  sulphides. 

Arsenic  is  found  partly  native  and  partly  in  combination  with  sulphur^ 
and  with  metals,  such  as  iron,  copper,  nickel,  and  cobalt.  Being  a  volatile 
substance,  it  is  readily  separated  from  the  latter  bodies  by  sublimation. 
(Phys.  §  129). 

Compounds  of  Arsenic. 

46.  (1.)  Arsenious  Acid. — This  compound  is  formed  when  arsenic  is 
heated  in  a  current  of  air.  It  is  then  evolved  as  a  white  vapour  of  a  strong 
garlic  odour,  and  may  be  collected  as  a  fine  powder,  which  is  usually  termed 
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w?iiu  arsenic,  or  arteniaus  acid.  It  is  odourless,  tasteless,  and  in  the  highest 
degree  poisoDous.  The  latter  property  it  is  that  unfortunately  often  leads 
to  its  employment  for  criminal  purposes,  cases  of  poisoning  hy  this  suhstattoe 
heing  hy  far  the  most  common.  They  are  in  general  oharacteriied  hj 
vomiting  and  pains  in  the  howels,  terminating  in  frightful  convulsions  and 
death.  As  a  remedial  means,  the  promotion  of  vomiting,  on  the  first  appear- 
ance of  poisoning,  is  the  most  judicious  treatment.  A  substance,  however, 
has  been  discovered  which  has  the  property  of  immediately  oounteracting 
the  effects  of  arsenic,  viz.,  the  hydrated  sesquioxide  of  iron  (Fe,03  +  3  HO), 
which  forms  a  perfectly  insoluble  compound,  that  has  no  poisonous  influence 
upon  the  system.  This  remedy  has  been  already  employed  in  many  oases 
with  the  most  happy  results. 

In  judicial  inquiries  it  is  important  to  decide  whether  death  has  been 
occasioned  by  arsenic,  and  this  can  only  be  done  by  actually  finding  the 
poison,  and  proving  its  presence  beyond  a  doubt.  By  carefully  searching 
the  bowels  and  the  ejected  food,  it  is  by  no  means  difficult  to  discover  the 
particles  of  arsenic,  which,  on  account  of  their  weight,  are  readily  deposited. 
A  particle  as  large  as  a  needle-point  is  sufficient  to  show  whether  the  poison 
met  with  is  arsenic  or  not  For  this  purpose  it  is  introduced  into  a  glass 
tube  (fig.  24),  and  covered  by  small  fragments  of  charcoal^  b  c,  which  is 
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made  red-hot,  and  the  point  of  the  tube  then  heated.  If  the  substance 
under  examination  be  actually  arsenic,  its  oxygen  will  combine  with  the 
ignited  charcoal,  while  a  brilliant  ring  of  the  metallic  element  is  deposited 
on  the  cool  part  of  the  tube,  as  seen  at  d.  When  the  arsenic  is  no  longer 
to  be  met  with  in  the  form  of  powder,  it  is  more  difficult  to  detect,  but  in 
such  cases  science  has  pointed  out  secure  methods  of  proving  its  presence. 

Notwithstanding  its  dangerous  properties,  arsenious  acid  is  employed  in 
many  arts,  as  in  the  manufacture  of  glass,  in  dyeing,  agriculture,  for  the 
destruction  of  obnoxious  vermin,  such  as  rats,  &c.,  and  in  the  preservation 
of  wood. 

(2.)  Sutphide  of  Arsenic, — Arsenic  combines  in  two  proportions  with 
sulphur.  The  yellow  sulphide  of  arsenic,  called  orpiment,  is  found  as  a 
mineral,  and  is  sometimes  employed  as  a  beautiful  yellow  pigment.  The  red 
variety,  which  is  termed  realgar,  is  obtained  when  sulphur  and  arsenic  are 
fused  together ;  it  is  employed  as  a  colour  in  dyeing,  and,  in  pyroteohny,  as 
a  component  of  the  Bengal  white-fire,  which  consists  of  24  parts  by  weight 
of  nitre,  2  of  sulphur,  and  7  of  realgar,  finely  pulverised,  dried,  and  inti- 
mately mixed  together. 

11.  CARBON. 

Symbol:  0  =  6. 

47.  This  element,  which  usually  occurs  in  a  lustreless  form,  claims  in 
many  respects  particular  attention.    On  the  one  hand,  the  remarkable  diver- 
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Ay  of  oonditioB  which  carbon  can  assume,  and  the  properties  resultiog  from 
each  assompdons;  on  the  other  hand,  its  relation  to  the  animal  and  vege- 
table kingdoms,  both  in  the  free  state  and  in  combination,  evince  that  carbon, 
next  to  oxygen,  is  the  most  important  element  in  the  economy  of  Nature. 
No  sabstance  famishes  ns  with  a  more  remarkable  confirmation  of  the  prin- 
ciple enunciated  in  our  chapter  on  Physics  (§  11),  viz.,  that  all  matter  is  a 
conglomeration  of  smaller  material  particles,  and  that  the  properties  of  indi- 
vidual bodies  are  determined,  not  merely  by  the  nature  of  these  particles, 
but  also  by  their  arrangement  or  relative  position.  The  variable  forms  of 
carb(Hi,  therefore,  render  it  necessary  to  describe  them  individually ;  for  the 
present  it  is  enough  to  remark,  that  although  crystallized  carbon,  vegetable 
carbon,  animal  carbon,  and  the  various  kin£  of  ooab,  exhibit  a  remarkable 
difierenoe  in  their  physical  properties,  they  nevertheless  so  hr  agree  as  to 
allow  us  to  designate  carbon  under  all  conditions  a  solid,  tasteless  and  odour- 
1^  infusible  and  non-volatile  body,  which  is  insoluble  in  every  substance 
with  the  exception  of  fused  cast-iron. 

48.  Crystallized  carbon  is  known  as  diamond,  and  from  the  earliest  times 
has  attracted  the  attention  of  even  the  rudest  nations  by  its  extreme  hardness 
and  transparency,  as  well  as  by  its  extraordinary  brilliancy,  and  its  power 
d  decomposing  light  into  its  prismatic  colours.  These  characteristic  pro- 
perties, as  also  the  rarity  of  its  occurrence,  have  elevated  it  to  the  rank  of 
the  most  costly  of  all  the  precious  stones.  Its  specific  gravity  is  greater 
than  that  of  any  other  form  of  carbon,  being  equal  to  4-0,  its  hardness  supe- 
rior to  that  of  all  other  substances,  and  it  can  only  be  cut  or  abraded  by  a 
second  portion  of  the  same  material.  It  is,  moreover,  brittle,  and  admits 
of  being  cleaved  in  certain  directions.  The  crystalline  form  of  the  diamond 
is  that  of  the  regular  octohedron,  or  some  figure  geometrically  connected 
with  these  (fig.  25,  26,  27). 


25. 


26. 


27. 


The  diamond  is  found  in  the  alluvial  soil  of  Goloonda,  in  the  West  Indies, 
Peru,  Brazil,  and  more  recently  in  the  Ural  Mountains,  and  also  in  the 
drift-sand  of  their  rivers. 

With  the  ocmditions  under  which  carbon  crystallizes  or  the  diamond  forms, 
we  are  entirely  unacquainted,  and  it  is  only  barely  probable  that  we  shall 
ever  be  able  to  imitate  these  conditions,  and  produce  diamonds  artificially. 
It  is  possible  that  the  vast  masses  of  coal  occurring  in  the  laboratory  of 
Nature  have  been  exposed  for  many  hundreds  of  years  to  an  intense  heat, 
of  which  we  can  hardly  form  a  conception,  and  that  the  carbonaceous  parti- 
cles have,  under  such  conditions,  arranged  themselves  in  a  regularly  crystal- 
line form. 
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A  long  time  elapsed  before  the  identity  of  two  apparently  so  dissimilar 
substances  as  charcoal  and  diamond  was  discovered.  Accident^  howeYer,  first 
led  to  the  supposition,  and  in  an  experiment  made  with  the  view  of  fusiDg 
several  small  diamonds  together,  they  were  found  to  have  entirely  disap- 
peared. A  close  investigation  showed  that  they  had  been  ^mee^,  or,  in 
other  words,  had  combined  with  oxygen  to  form  carbonic  acid  (COg),  a  com- 
pound that  is  produced,  of  precbely  the  same  properties,  in  the  combustion 
of  ordinary  coal.  If  a  diamond  be  heated  in  a  closed  vessel^  with  exclusion 
of  air,  it  remains  perfectly  unaltered. 

This  precious  stone  is  not  merely  used  for  ortamental  purposes,  but  sup- 
plies us  with  a  valuable  means  of  cutting,  or  rather  determining  the  fracture 
of  glass,  for  which  purpose  its  hardness  renders  it  peculiarly  adapted. 

None  of  the  other  varieties  of  carbon  are  so  firee  from  foreign  admixture 
as  the  diamond,  and  henoe  we  consider  it  as  the  purest  condition  under 
which  this  element  occurs. 

49.  The  origin  of  vegetable  or  wood-chBTCoaL  is  indicated  by  the  name. 
All  substances  of  vegetable  origin,  without  exception,  contain  carbon,  which 
can  be  separated  by  a  great  variety  of  processes.  Moreover,  as  carbon,  oxy- 
gen, and  hydrogen  constitute  the  principal  elements  of  plants,  it  follows  that 
we  may  represent  their  composition  by  the  general  formula  05  (CHO).  On 
burning  wood,  &c.,  with  limited  access  of  air,  the  two  latter  elements  are 
expelled  in  the  form  of  water,  while  a  residue  remains,  consisting  of  carbon. 
This  process  is  carried  out  on  a  large  scale  in  the  preparation  of  tcood-char' 
coal  from  the  denser  kinds  of  wood,  especially  that  of  the  beech-tree,  which 
is  arranged  in  piles,  as  in  fig.  28.    The  wood  is  piled  in  horizontal  layers, 


covered  over  with  turf  and  mould,  and  kindled  in  the  interior,  small  open- 
ings being  here  and  there  made  for  the  purpose  of  admitting  a  little  air. 
The  whole  mass  slo'wly  becomes  ignited,  but  only  the  oxygen  and  hydrogen 
of  the  wood  are  expelled  as  products  of  combustion^  while  the  unconsumed 
carbon  remains.     Notwithstanding  all  precautions,  a  considerable  loss  of 
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mehoa  is  ezperieneed^  TBiyinff  in  qotiiiitj  aoooiding  as  the  process  is  more 
or  less  complete.  To  avoid  mis  loss^  the  carbonisation  is  now  freqoentlj 
eootiniied  for  a  less  space  of  tiTne,  and  in  this  manner  is  obtained  a  yarietj 
which  is  distinguished  as  j-ed  or  brown  charcoal. 

We  maj  assume  that  100  parts  by  wei^t  of  wood  dried  in  the  air  con- 
tajn**** 

20  per  orat  of  water  enclosed  in  its  pores. 
40         **         ozjgen  and  hydrogen. 
40         **         carbon. 


100  parts,  bj  weight,  of  wood. 


Accordingly^  we  have  in  100  pounds  of  dried  wood  80  of  aotaal  wood,  and 
in  the  latter  40  poonds  of  carbon.  But  when  the  process  is  conducted  most 
sueoesBfiilly,  it  yields  only  about  25  pounds;  in  general  not  more  than  20 
pounds  are  obtained  from  100  pounds  of  wood. 

Wood-Charcoal  is  exceedingly  porous,  and,  consequently,  its  specific  grav- 
ity is  ordinarily  very  small  That  of  beech-wood  charcoal  is  0187 ;  a  cubic 
&ot,  interstices  included,  weighing  not  more  than  from  8  to  9  pounds.  It 
possesses  in  a  high  degree  the  power  of  attracting  and  condensing,  within 
its  pores,  air  and  aqueous  vapour,  which  sometimes  leads  to  its  heating  and 
apontaneoos  combustion.  If  impure  water,  containing  hydrosulphuric  acid 
and  ammonia,  be  agitated  with  the  powder  of  freshly-ignited  charcoal,  both 
gues  are  completely  removed,  and  the  water  is  rendered  fit  for  the  purposes 
of  life.  Wood-charcoal  likewise  removes  colouring  matters,  but  only  to  a 
slight  degree,  as  will  be  described  under  animal-black. 

Wood-charcoal  is  applied  to  a  variety  of  technical  processes,  particularly 
to  produce  strong  fires  in  a  limited  space.  It  is,  moreover,  of  great  impor- 
taooe  as  a  means  of  deozidation,  t.  e.,  of  removing  oxygen  from  metallic 
oxides,  and  combining  with  it  to  produce  carbonic  acid.  Nearly  all  the 
metals,  and  particularly  iron,  are  prepared  by  i^iting  their  oxides  in  con- 
tact with  carbon.  Its  use  in  the  manufacture  of  gunpowder  is  likewise  one 
of  the  most  important  of  its  applications. 

At  the  ordinary  temperature,  carbon  is  only  slightly  affected  by  exposure 
to  the  atmoi^here,  and  is  almost  unaltered  when  placed  either  in  water  or 
m  the  soil.  We  advantageously  avail  ourselves  of  this  property  by  charring 
the  ends  of  piles  that  are  to  be  driven  into  the  earth,  and  likewise  by  car- 
bonizing the  interior  of  casks  in  which  water  is  preserved  during  long  sea- 
voyages.  Soot  is  a  vegetable  carbon  in  a  finely-pulverized  state,  and  is 
employed  in  the  preparation  of  a  fine  black  colour  known  as  Indian  ink. 
To  obi^n  the  particular  kind  of  carbon  used  for  this  purpose,  resin,  resinous 
woods,  and  such-like  substances,  are  burned  with  imperfect  access  of  air,  and 
the  smoke  evolved  passes  into  a  hood  in  which  the  soot  is  deposited.  The 
variety  known  as  Frank/orMack,  or  Printers* -hlackj  is  obtained,  in  a  very 
finely-divided  state,  by  the  carbonization  of  wine-yeast;  it  is  mixed,  how- 
ever, with  salts  of  potassa. 

The  varieties  of  vegetable  carbon  here  described  are  by  no  means  to  be 
considered  as  pure,  as  may  be  readily  proved  by  the  quantity  of  ash  they 
'pM  when  bunied.  The  charcoal  from  100  pounds  of  wood  will  of  course 
contain  the  same  amount  of  ash  as  would  have  been  obtained  in  the  com- 
Im&ofa  of  the  wood  itself.    One  hundred  pounds  of  beech-wood  b  found  to 
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yield  abont  008  ponnds  of  ash ;  on  the  other  hand,  l&inp*black  whieh  has 
been  thoroughly  ignited  appears  to  be  almost  chemically  pore  carbon. 

50.  The  black  mass  which  is  left  on  charring  animal  substances  is  termed 
animal  carbon  :  it  differs  very  considerably  from  the  foregoing,  in  its  phys- 
ical as  well  as  chemical  properties.  Independently  of  animal  fat,  which  is 
in  all  respects  analogous  to  the  &tty  substances  found  in  plants,  we  inolnde 
under  the  general  tide  of  animal  products  muscular  flesh,  die  skin  (leather), 
cartilage,  osseous  gelatin,  and  blood.  We  refer,  moreover,  to  these  sub- 
stances in  the  dry  or  anhydrous  condition.  Their  principal  mass  in  the  diy 
state  consists  approximately  of — 

55  parts,  by  weight,  of  carbon. 
22  "  oxygen. 

7                "  hydrogen. 

16 ** nitrogen. 


100  parts,  by  weight,  of  animal  matter. 


They  contain  besides  a  minute  quantity  of  phosphorus,  sulphur,  and  inor- 
ganic salts.  When  heated,  these  substances  first  swell  up  and  fuse,  th^n 
cake  together,  and  finally  yield  a  dense,  slaggy,  lustrous  charcoal  This,  of 
course,  is  not  to  be  considered  as  pure  carbon,  for,  in  addition  to  phosphates 
and  sulphates,  it  contains  a  considerable  quantity  of  nitrogen,  so  that  we 
may  with  propriety  term  it  nitrogenous  carbon.  The  presence  of  this  ele- 
ment renders  it  well  adapted  for  the  preparation  of  the  chemical  compound 
which  forms  the  basis  of  the  manufacture  of  Prussian  blue,  and  will  be 
described  farther  on,  under  the  name  of  cyanogen. 

51.  Bone-cliarcoalj  termed  also  bone-  and  ivory-black,  is  an  animal  carbon, 
which  is  obtained  by  burning  bones  imperfectly.  We  must  regard  a  bone 
in  its  entire  mass  as  a  structure  consisting  of  two  cellular  substances  inter- 
woven with  each  other,  as  may  be  represented  by  figs.  29, 30,  and  31,  where 
a  a  represent  a  soft  texture  termed  gelatin,  whilst  6  6  are  particles  of  a  hard 
texture,  which  is  incombustible,  and  consists  of  phosphate  of  lime.  When 
bones  are  ignited  with  free  access  of  air,  the  gelatinous  particles  a  a  are 

completelff  consumed,  and  there  re- 
mains only  a  white,  dense,  calca- 
reous tissue  (fig.  31),  which  is 
bone-ash.  If,  on  the  other  band, 
a  bone  is  digested  in  hydrochknio 
acid,  the  lime-salts  only  are  dis- 
solved, while  the  gelatin  is  una^ 
tacked,  and  remains  as  represented 
in  fig.  30.  When  the  geladn,  extracted  by  hydrochloric  acid,  is  carbonised 
by  itself,  the  carbonaceous  particles  cake  together,  and  we  obtain  a  compact 
carbon,  differing  in  no  respect  from  the  nitrogenous  variety  above  described. 
If,  on  the  other  hand,  the  geladn  of  the  bones  is  carbonized  by  ignidon  with 
a  limited  supply  of  air,  the  calcareous  particles  prevent  the  cohesion  of  the 
carbon,  and  we  obtain  from  the  bones  thus  burned  an  animal-black  in  a  very 
finely-divided  state. 

Bone-charcoal  is  particularly  distinguished  by  its  power  of  combining  with 
dissolved  colouring  matters  and  removing  them  completely  from  their  solutions. 
If  red  wine  or  red  ink  be  agitated  with  a  few  spoonfuls  of  bone-carbon,  we 
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obluiiy  after  some  timey  %  tnompanint  liqmd  as  coborless  as  water.  This 
pioperty  is  of  considerable  advantage  in  the  mannfactore  of  sngar;  for,  when 
the  brown-cc^onred  cane-juice  is  treated  with  bone-black,  it  is  rendered 
perfectly  colourless,  and  a  brilliant  white  sugar  is  thus  obtained.  Many 
other  chemical  preparations  may,  by  this  means,  be  likewise  decolorized,  or 
depriTed  of  the  colouring  matters  which  are  mixed  with  them. 

Bone-bknek,  as  is  well  known,  is  also  used  in  the  manufacture  of  bhu^ne, 
which  18  usually  prepared  by  mixing  four  parts  with  one  of  sulphuric  acid, 
and  Uien  adding  four  parts  of  syrup  and  a  little  water. 

52.  GraphiUj  termed  also  black-lead,  is  a  mineral  belonging  to  the  primi- 
tire  rocks,  and  occasionally  consists  of  pure  carbon;  in  genenl,  however,  it 
coDlains  a  pcnrtion  of  iron.  It  may  be  also  artificially  prepared  by  the  fusion 
of  iroQ  in  the  smelting  furnaces  of  iron-works.  It  possesses  a  grayish-black 
cokmr  and  metallic  lustre,  and  produces  a  mark  when  rubbed  on  paper;  a 
property  on  which  depends  its  ajl^lication  to  the  manufacture  of  lead-pencils. 
AnikracUej  a  less  pure  form  of  carbon,  is  more  allied  to  coal,  and,  when 
burned,  leayes  an  earthy  ash.  Both  varieties  will  be  more  minutely  described 
in  the  chapter  on  Mineralogy. 

ftol  cmd  twrf  are  carbonaceous  formations,  derived  from  the  spontaneous 
dfecompoatkm  of  pUnts.  The  origin  of  these  substances  will  be  considered 
hereafter. 

Compounds  op  Carbon. 

58.  Carbon  combines  with  oxygen  in  several  proportions. 

Carbonic  acid  (COj)  is  a  colourless,  odourless  gas,  which  is  contained  in 
Ihe  atmosphere  in  the  proportion  of  1  measure  to  2,500  measures  of  air. 
It  occurs,  moreover,  in  many  minerals,  combined  with  metallic  oxides,  par- 
ticularly with  lime,  forming  a  compound  of  which  entire  ranges  of  hills  are 
eomposed.  This  acid  is  produced  incessantly  by  the  combustion  and  decay 
of  carbonaceous  substances,  and  by  the  process  of  fermentation  and  the 
respiradon  ^  animals.  Its  quantity  would,  therefore,  be  continually  on  the 
faMn-ease,  were  it  not  that  plants  remove  it  from  the  atmosphere,  and  thus 
preserve  the  equilibrium  in  a  very  remarkable  manner.  We  shall  still 
have  oooanon  in  a  subsequent  section  to  point  out  with  greater  precision 
the  important  relation  existing  between  carbon  and  the  animal  and  vegetable 
kingdoms. 

In  the  preparation  of  carbonic  acid  we  may  avail  ourselves  most  conve- 
niently of  carbonate  of  lime  or  chalk  (QhOfiO^,  which  is  decomposed  by 
either  of  the  stronger  acids,  generally  oy  hydrochloric  acid.  The  carbonic 
acid  is  set  free  and  evolved  in  bubbles,  produciuff  a  lively  effervescence, 
wfaM  is  the  characteristic  deportment  of  dl  carbonic  acid  compounds  when 
treated  vrith  a  strong  acid. 

If  a  burning  taper  be  immersed  in  a  vessel  filled  with  carbonic  acid,  it  is 
uamediately  extinguished,  and  men  and  animals  that  inhale  the  pure  gas  die 
almost  as  suddenly;  it  is  therefore  to  be  considered  as  a  highly-dangerous 
pmson  when  inhaled.  The  specific  gravity  of  this  gas  being  1*5,  or  half  as 
heavy  again  as  air,  it  will  sink  in  this  medium  precisely  in  the  same  manner 
as  syrup  will  fall  to  the  bottom  of  a  vessel  of  water,  and  mix  with  the  latter 
fluid  only  very  gradually.  If  therefore  a  lighted  taper  be  placed  on  the 
bottom  of  a  cylinder  (fig.  82),  and  carbonic  acid  be  slowly  poured  into  it 
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from  %  Teasel  filled  with  this  gas,  the  light  will  be  extiDgoished  immediatdj 
the  gas  reaches  to  the  height  of  the  flame.  In 
cellars  where  large  qoantities  of  wine  and  beer 
ferment,  the  lower  stratum  of  air  invariably  con- 
sists of  almost  pure  carbonic  acid,  and  it  not 
unfrequently  happens  that  workmen  lose  their 
lives  bj  stooping  down  and  incautiously  inhaling 
the  gas.  To  obviate  this  danger,  it  is  usual  either 
to  insure  a  sufficient  change  of  atmosphere,  or  to 
mix  up  caustic  lime  with  water,  and  sprinkle  about 
the  milky  liquid,  which  speedUy  removes  the  ouv 
bonic  acid  from  the  floor.  For  those  who  have 
been  suffocated  by  carbonic  acid,  the  careful  inha- 
lation or  smelling  of  ammonia  has  been  recom- 
mended as  the  most  efficacious  antidote. 

From  the  lower  strata  of  earth,  where,  in  many 
places,  carbonaceous  substances  are  continually 
undergoing  decomposition,  streams  of  carboiiio 
acid  gush  forth  in  a  manner  similar  to  springs  of  water;  and  if  holes  of 
some  depth  be  dug,  particularly  in  volcanic  districts,  the  carbonic  acid  is 
heard  to  rush  in  with  considerable  noise :  hence  it  frequently  collects  at  the 
bottoms  of  wells  and  mines,  and  there  causes  fatal  accidents.  In  the  neigh- 
bourhood of  Naples  there  is  a  cave,  termed  the  Grotto  del  Cane,  in  which 
occurs  a  stratum  of  carbonic  acid,  several  feet  in  height,  issuing  from  the 
soil.  Dogs  and  other  animals  die  immediately  they  are  placed  in  it,  whilst 
men  may  walk  erect  therein  without  danger.  In  Java  there  is  a  valley 
called  the  Poison-valley,  or  the  vale  of  death,  surrounded  by  a  chain  of 
mountains.  The  air  of  this  valley  contains  so  large  an  amount  of  carbonio 
acid  that  men  and  animals  who  enter  it  never  return  alive. 

Carbonic  acid  is  soluble  in  water,  and  imparts  to  it  an  agreeably-refresh- 
ing and  slightly-acid  taste :  nearly  all  waters  occurring  in  Nature  contain 
a  portion  of  this  gas  in  solution.  Whenever  springs  of  water  and  carbonio 
acid  come  in  contact  in  the  earth,  a  large  quantity  of  gas  is  dissolved,  and 
the  water  then  receives  the  name  of  acidulous  water,  such  as  Selters'  water^ 
and  many  others.  Carbonic  acid,  moreover,  is  contained  in  many  liquids 
that  are  derived  from  fermentation,  as  new  wine,  beer,  and  champagne ;  and 
as  the  internal  use  of  these  liquids  is  within  certain  bounds  uninjurioua^  it 
would  appear  that  carbonic  acid  has  no  poisonous  action  on  the  stomach,  bat 
only  exerts  its  pernicious  influence  when  taken  into  the  lungs. 

When  carbonic  acid  is  compressed  in  a  suitable  apparatus,  it  is  converted 
Into  a  liquid,  which,  on  removal  of  the  pressure,  evaporates  with  extreme 
rapidity,  absorbing  so  much  heat  (Phys.  §  146)  that  a  cold  is  produced  of 
—80°  C.  or  —90°  C.  ("—112  F.  or  —130  F.),  a  portion  of  the  liquid  add 
being  thereby  frozen.  Carbonic  acid,  therefore,  afibrds  an  important  example 
of  the  principle,  enunciated  in  the  chapter  on  Physics,  that  the  condition  of 
matter  is  essentially  dependent  upon  temperature. 

Carbonic  acid  is  extensively  employed  in  the  manufacture  of  white-lead 
and  of  the  artificial  eflervescing  drinks. 

Carbonic  oxide  (CO)  is  the  name  applied  to  the  lowest  product  of  the 
oxidation  of  caribou,  which  is  formed  when  this  element  is  ignited^  with 
limited  access  of  atmospheric  air.    This  gas  bums  with  a  beautiful  blue 
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tune,  aa  frequently  observed  in  oharcoid  fires,  and  giyes  rise  to  the  forma- 
tion of  earbonio  acid.  It  is  likewise  irrespirable,  and,  in  conjunction  with 
its  prodnei  of  combnstion,  is  the  cause  of  the  £ital  accidents  which  some- 
times occur  when  charcoal  is  burned  in  closed  rooms. 

Cabbides  of  Hydbogsn. 

54.  In  all  cases  where  vegetable  matter,  which  we  always  represent  by 
tbe  general  formula  x  (CHO),  (§  49),  sufi^rs  decomposition,  a  portion  of 
the  carbon  combines  with  hydrogen,  and  produces  gaseous  compounds.  If 
the  vegetable  matter  contains  a  large  quantity  of  carbon,  as  is  the  case  in 
resins,  his,  &o.,  ^d  the  decomposition  takes  place  under  a  high  temperature, 
the  carbo-hydrogen  =  CH  is  produced,  which  bums  with  a  highly-luminous 
flame,  and  is  hence  termed  iUuminating  gas.  But  if  the  decomposition  of 
die  vegetable  matter  is  effected  at  a  lower  temperature,  as,  for  instance,  when 
the  remains  of  plants  decay  in  marshes  or  at  the  bottoms  of  mines,  there  is 
formed  an  inferior  carbide  of  hydrogen  =  CHg,  which  is  therefore  termed 
marsh^as,  or  the  gas  of  mines. 

Marsh-gas,  when  pure,  is  colourless  and  odourless,  and  bums  with  a 
slightly-luminous  flame.  Its  specific  gravity  is  0*5.  When  mixed  with 
atmospheric  air  and  then  kindled,  an  explosion  takes  place  similar  to  that 
which  is  produced  by  the  ignition  of  explosive  gas  (§  28).  In  coal-mines 
ao  enormous  quantity  of  this  gas  is  continually  generated ;  it  there  becomes 
mixed  with  the  air  of  the  mines,  and  causes  frightful  explosions  when  acci- 
dentally kindled  by  the  lights  of  the  workmen.  A  large  number  of  miners 
have  already  lost  their  lives  by  this  gas,  which  is  technically  called  ^re- 
datnp.  The  numerous  fatal  accidents  have  led  to  the  discovery  of  the 
Bo/eiy-lamp  (fig.  33),  an  instrament  consisting  of  an  ordinary  oil-lamp  sur- 
rounded by  fine  wire-gauze.  If  a  lamp  of  this  kind  is  intro- 
daoed  into  a  mixture  of  explosive  gas,  the  gas  enters  by  the 
openings  of  the  gauze,  and  bums  in  the  interior;  the  fiame, 
however,  is  so  much  reduced  in  temperature,  by  tbe  cooling 
infloence  of  the  metallic  wire,  as  to  become  extioguished 
before  it  is  communicated  to  the  external  gas.  This  cooling 
power  of  wire-gauze  may  easily  be  demonstrated  by  holding 
tt  over  the  flame  of  a  candle,  which  will  be  found  not  to  pass 
through. 

The  gas  of  mines  is  one  of  the  constituents  of  the  ordi- 
nary coal-gas,  which  is  employed  in  illumination  and  in  fill- 
ing balloons. 

55.  The  luminous  goM  (CH)  is  obtained  when  bodies  rich 
in  carbon  and  hydrogen,  and  deficient  in  oxygen,  are  ignited 
in  dosed  vessels.  It  is  a  colourless  gas,  burning  with  a 
beautifully-luminous  flame,  and  is  the  chief  component  of 
all  our  artificial  means  of  illumination.  It  is  either  con- 
sumed at  the  spot  and  in  the  moment  of  its  formation,  as  is 
the  case  in  the  burning  of  candles  and  lamps,  or  it  is  col- 
lected in  a  peculiar  vessel,  termed  a  gasometer,  and  thence 
distributed  by  iron  pipes  to  our  streets  and  houses. 

The  preparation  of  luminous  gas  is  most  simply  effected 
by  dropping  fats  or  resins  into  red-hot  iron  cylinders,  and  for 
16 
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this  purpose  are  selected  the  cheapest  varieties,  which  can  scarcely  be  used 
for  other  purposes.  These  substauces  are  deoomposed,  aud  yield  a  gaseoos 
mixture  that  burns  with  a  remarkably  beautiful  and  bright  luminous  flame : 
this  mode  of  manufacture,  however,  appears  not  to  admit  of  general  adop- 
tion in  consequence  of  the  high  price  of  the  material,  but  when  coals  are 
employed,  as  is  generally  the  case  in  this  country,  the  price  of  production  is 
considerably  diminished. 
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56.  The  manufacture  of  coal-gas  is  divided  into  three  processes,  viz.,  its 
formation^  purification^  and  its  collection  and  distribution.  Its  formation 
is  always  effected  in  longish  round  retort-cjlinders  of  iron,  arranged  in  the 
manner  shown  by  r  r  r  in  figs.  34  and  35.  Kgure  34  represents  a  section 
of  a  furnace,  and  fig.  35  a  front  view  of  the  same. 

The  fire  is  placed  around  the  retorts  upon  the  grate  c.  The  ash-pit  is  at 
h.  The  whole  apparatus  is  so  arranged  that  the  greatest  degree  of  heat  may 
be  produced  at  the  least  expense  of  fuel.  The  cylinders  are  closed  at  the 
posterior  end,  and  open  in  front,  being  each  provided  with  a  door  which  is 
made  to  fit  air-tight  by  means  of  screws  and  cement.  In  these  cylinders  the 
coal  is  distilled,  and  as  soon  as  the  evolution  of  gas  has  ceased,  the  doors 
are  opened  and  the  glowing  coke  raked  out  and  allowed  to  cool  in  the 
vaults. 

The  gas  as  it  issues  from  the  cylinders  passes  through  the  iron  pipes  h  % 
into  the  hydraulic  main  t,  which  is  half  filled  with  water.  The  pipes  i  %  dip 
below  the  surfiice  of  the  water  in  order  to  prevent  the  gas  returning  into  the 
retorts  when  the  doors  are  opened. 

In  the  hydraulic  main  a  considerable  quantity  of  matter  volatilized  with 
the  gas  is  deposited.  From  the  upper  part  of  the  main  passes  a  pipe,  ly 
which  first  descends  into  the  ground,  and  dien  runs  in  a  horizontal  direction. 
Through  this  pipe  the  gas  escapes.  At  the  lowest  part  of  this  horizontal 
pipe  there  is  another  descending-pipe  which  is  open  at  the  bottom,  and  dips 
into  ft  cylindrical  vessel,  encompassed  by  a  third  vessel. 

The  liquid  deposited  in  the  hydraulic  main  t,  during  the  distillation,  con- 
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tinually  runs  over  with  the  gas  by  the  pipe  I,  and  enters  the  condenser.  It 
there  fills  the  surrounding  cylinder,  and  afterwards  runs  over  into  the  vessel 
it  is  placed  in,  frx)m  which  it  can  be  removed  at  pleasure. 

Thence  the  gas  pursues  its  course  through  the  pipe  I  and  arrives  at  the 
lime-purifier,  fig.  36.  This  consists  of  a  large  cylindrical  vessel,  made  per- 
fectly air-tight,  and  having  an  inverted  funnel  fixed  in  its  top.  A  rod  h 
passes  through  the  neck  of  the  funnel,  and  an  agitator  is  made  to  revolve  by 
means  of  a  winch  and  toothed  wheel.  The  bottom  of  the  rod  is  connected 
either  with  a  wheel  or  frame  of  cross-bars.  The  vessel  a  is  two-thirds  filled 
with  a  mixture  of  lime  and  water,  which  is  introduced  by  the  pipe  d.  The 
gas  passes  by  the  pipe  I  into  the  funnel,  presses  down  the  lime-water  to  the 
edge  of  the  frmnel,  and  then  escapes  in  bubbles  through  the  surrounding 
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liquid.  The  gas  18  thus  freed  from  sulphuretted  hydrogen  and  carboDic  acid: 
when  it  appears  necessary  to  renew  the  purifying  mixture,  it  is  allowed  to 
run  out  by  a  stopcock  and  a  fresh  portion  introduced  by  the  tu\>e  d. 

As  the  gas  escapes  from  the  purifier  by  depressing  the  liquid  in  the  funnel, 
it  is  necessarily  in  a  condensed  state  in  the  pipe  between  the  vessel  and  the 
retorts ;  the  extent  of  the  pressure  is  equal  to  the  weight  of  the  water  that 
stands  higher  on  the  exterior  than  in  the  interior  of  the  funnel.  It  ia 
therefore  necessary  that  the  pipes  from  the  hydraulic  main  t  to  the  retorts 
should  be  raised  as  shown  in  figs.  34  and  35,  otherwise  upon  opening  a  retort 
the  liquid  in  the  hydraulic  main  i  would  be  forced  back  through  the  pipes  rh. 

We  have  thus  traced  the  progress  of  the  gas  from  the  retorts  wherein  it 
is  produced  to  the  purifier  in  which  it  is  deprived  of  its  impurities;  we  have 
next  to  consider  the  mode  of  collecting  and  distributing  it.  The  gasometer, 
fig.  37,  which  is  sometimes  as  much  as  30  or  40  feet  in  diameter,  is  a 
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cylinder  of  iron  closed  at  the  top,  open  at  the  bottom,  and  di))ping  into  a 
second  vessel  filled  nearly  to  the  edge  with  water.  The  gas-holder  is  sup- 
ported by  a  chain  which  passes  over  the  two  wheels,  and  is  counterbalanced 
by  a  weight.  As  the  gas  enters,  the  gas-holder  rises  in  the  water  until  per- 
fectly filled  with  gas. 

When  the  gas  is  to  be  distributed,  a  cock  is  opened,  and  the  gas-holder 
depressed  by  means  of  suitable  weights  placed  on  the  top.  The  gas  then 
flows  through  a  pipe,  whence  it  is  distributed  to  its  destined  place  of  con- 
sumption. 

57.  Coal-gas  is  always  a  mixture  of  luminous  gas  Tmore  commonly  called 
olefiant  gas),  marsh-gas,  carbonic  oxide,  and  hydrogen,  m  variable  proportions, 
depending  upon  the  nature  of  the  coal  and  of  the  process  of  manufacture. 
In  the  beginning  of  the  distillation,  the  olefiant  gas,  which,  of  course,  is  the 
most  valuable  constituent,  forms  approximatively  one-fifth  of  the  entire 
volume,  but  towards  the  end  of  the  process,  or  by  too  strong  a  red-heat,  its 
quantity  considerably  diminishes,  while  that  of  the  hydrogen  increases.  We 
may  consider  that  an  ordinary  gas-flame  hourly  consumes  urom  1  to  1^  cabio 
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feet  of  gas.  From  one  pound  of  coal  we  obtain  from  6  to  6  cul^e  feet  of 
gas,  and  ooals  of  the  best  quality  sometimes  yield  from  7  to  9  cubic  feet ; 
while  from  one  measure  of  oil  we  obtain  from  600  to  700  measures,  and 
from  1  lb.  of  resin  firom  14  to  23  measures  of  gas  are  produced. 

In  the  retorts  remain  the  coke  which  is  employed  as  a  very  excellent  fuel. 

Finally,  it  may  be  remarked  that  coal-gas  is  employed,  in  the  place  of 
hydrogen,  for  filling  balloons.  A  ball  of  three  feet  diameter  filled  with  the 
former  weighs  11  ozs.  less  than  one  containing  an  equal  volume  of  air,  while, 
if  filled  with  hydrogen,  it  weighs  about  17  ozs.  less ;  the  cost  of  hydrogen, 
however,  is  20  times  as  much  as  that  of  coal-gas. 

58.  In  addition  to  the  two  carbo-hydrogens  here  described,  a  large  number 
of  chemical  compounds  are  known,  which  consist  only  of  these  two  elements. 
They  form,  however,  more  compound  groups,  and  will  therefore  be  considered 
in  another  part  of  tbis  section. 

BiCABBIDE  OF  NiTROOEN  (CyANOGEN). 

59.  Carbon  combines  only  with  difficulty  and  under  particular  circum- 
staneee  with  nitrogen.  When  the  nitrogenous  carbon,  described  at  §  50, 
is  ignited  in  contact  with  a  metal,  the  two  elements  combine  together, 
prodncing  a  new  substance,  termed  cyanogen  (CgN),  which  enters  into  com- 
bination with  ^e  metal.  When  a  compound  of  mercury  and  cyanogen 
(Hg  Cy)  is  heated,  the  latter  is  obtained  as  a  colourless  gas,  of  penetrating 
odour.  When  kindled  it  bums  with  a  beautiful  peach-cdoured  flame.  In 
its  mode  of  combination,  this  body  presents  such  a  remarkable  similarity  to 
chlorine,  bromine,  iodine,  and  fluorine,  as  to  have  induced  chemists  to  class 
it  with  these  elements ;  its  formula  instead  of  being  expressed  by  CsN  is 
usually  represented  by  the  symbol  Cy.  The  name  cyanogen  signifies  to 
generate  blue,  and  this  compound  was  so  called  in  consequence  of  its  forming 
with  iron  the  beautiful  blue  pigment,  known  as  Prussian  blue.  Cyanogen 
combines  with  hydrogen  and  produces  hydrocyanic  or  prussic  acid  (H  Cy), 
which  is  prepared  by  the  distillation  of  cyanide  of  mercury  with  hydrochloric 
acid. 

HgCy  -f  Ha  =»  HCy  -f  HgCl. 

This  acid  is  a  colourless  gas,  of  a  peculiar  odour,  strongly  resembling 
that  of  bitter  almonds;  it  is  soluble  in  water,  and  imparts  to  it  its  properties. 
Particularly  in  the  anhydrous  state  it  forms  a  deadly  poison,  but  when  diluted 
with  water  it  is  extensively  employed  as  a  remedial  agent.  The  kernels  of 
stone-fruit,  and  especially  those  of  the  bitter  almond,  as  well  as  the  leaves 
of  the  cherry-laurel,  which  contain  a  small  quantity  of  prussic  acid,  are 
likewise  employed  in  medicine  as  well  as  in  confectionary,  and  in  the  prepa- 
ration of  laurel-water. 

Bisulphide  of  Cabbon. 

60.  When  wood-charcoal  is  heated  to  redness  in  a  tube  of  iron  or  earthen- 
ware, and  sulphur  is  introduced  through  an  opening  in  the  tube,  the  vapour 
<^  the  latter  in  passing  over  the  carbon  combines  to  produce  a  volatile  sub- 
stance which  is  condensed  in  an  apparatus  (Phys.  §  129,  fig.  89)  connected 
with  the  tube.  This  compound,  which  is  a  colourless  transparent  liquid,  is 
termed  bisulphide  of  carbon,  and  offers  one  of  the  most  remarkable  examples 
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of  the  desfcniction  of  the  peooliarities  of  elements  by  chemical  combinadon. 
From  the  9olid  yellow  sulphur  that  oombioes  with  the  solid  black  charcoal^ 
we  obtain  a  liquid  transparent  body  of  extreme  yolatilitj  and  disagreeable 
odour.  It  refracts  light  so  powerfully,  that  on  looking  through  a  vessel 
containing  it,  we  observe  the  most  beautiM  prismatic  colours.  Bisulphide 
of  carbon  is  heavier  than  water,  and  dissolves  with  facility  sulphur,  phos- 
phorus, and  several  resins,  but  is  scarcely  ever  employed. 

12.  SILICIUM. 
Symbol:  8i  b  218. 

61.  Silicium  never  occurs  in  the  free  state,  but  in  combination  with  oxygen, 
as  silicic  add  (SiOs),  which  is  the  principal  constituent  of  roost  minerals. 
Next  to  oxygen,  silicium  may  be  said  to  constitute  the  chief  mass  of  the 
crust  of  our  earth. 

When  separated  from  its  oxyeen,  silicium  forms  a  grayish-brown  powder, 
which  is  non-volatile,  and  when  heated  in  an  atmosphere  of  oxygen  combinea 
again  to  produce  silicic  acid  of  snowy  whiteness. 

In  the  consideration  of  the  compound  silicic  acid  (SiOs),  we  have  to  dis- 
tinguish it  under  several  conditions  and  in  various  states  of  purity. 

Rock  crystal  which  is  frequently  found  in  the  caverns  of  St  Gt>thard, 
crystallized  in  beautiful  six-sided  prisms,  terminating  in  pyramids  with  six 
faces  (fig.  38),  is  pure  silicic  acid.  White  quartz  is  nearly  pure  silicic  acid, 
containing  scarcely  a  trace  of  foreign  matter,  whilst  flint,  agate,  cornelian, 
jasper,  and  many  other  precious  stones  with  which  we  shall  become 
acquainted  in  the  section  on  Mineralogy,  contain  a  considerable  quantity  of 
other  substances.  These  minerals  are  distinguished  by  the  hardness  peculiar 
to  silicic  acid,  which  imparts  to  them  the  property  of  emitting  brilliant 
sparks  when  struck  with  steel.  Silicic  acid  is  fusible  only  in  the  strongest 
^  fires,  but  when  heated  to  redness  with  Uie  oxides  of  the 

light  metals,  it  combines  to  produce  a  series  of  important 
compounds,  such  as  glass,  porcelain,  earUienware,  &c. 

If  silicic  acid  be  heated  to  redness  with  an  excess  of 
caustic  alkali,  as  potassa,  soda,  or  lime,  it  combines  to  pro- 
duce salts  which  are  soluble  in  water,  and  from  which  the 
weak  silicic  acid  may  again  be  separated  in  the  form  of  a 
white  geUtinous  musiy  by  the  addition  of  a  stronger  add. 
The  liberated  acid  is  soluble  in  pure  water,  but  loses  this 
property  when  ignited. 
88.  Iq  this  soluble  form,  silicic  acid  is  contained  in  almost  all 

spnugs,  whence  it  enters  into  the  organisms  of  plants,  being 
as  essential  to  their  uourishment  as  salt  is  to  animals.  Most  plants,  particu- 
larly the  grasses,  contain  so  laree  a  quantity  of  silicic  acid  that  it  may  readily 
be  detected  in  the  ash  after  they  are  burned.  Moreover,  the  property  of 
cutting,  possessed  by  many  grasses  (carex,  for  example),  depends  upon  the 
accumulation  of  small  hard  crystals  of  silicic  acid  in  the  cells  of  their  leaves. 
It  may  also  be  remarked,  that  the  shells  or  scales  of  many  infusoria,  as  well 
as  some  of  the  molluscs  and  polypi,  consist  of  silicic  acid. 

Silicic  acid  is  not  acid  to  the  taste,  and  is  endowed  with  very  feeble  affinity; 
hence  it  is  sometimes  designated  by  the  term  silica. 
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i  18.  BORON. 

Symbol:  Bo  =  10*9. 

62.  Boron  belongs  to  the  rarer  elements,  being  found  only  in  some  lakes 
d  Tolcanio  origin,  m  combination  with  oxygen,  as  boracic  acid  (BoOs).  In 
the  free  state  it  forms  a  brownish-green,  insoluble,  and  infusible  powder;  so 
that  both  silioium  and  boron  offer,  in  reference  to  their  external  properties, 
some  points  of  agreement  with  ordinary  carbon. 

Boracic  acid  is  deposited  from  the  water  of  those  volcanic  districts  in  the 
form  of  a  white  powder,  and,  when  purified,  is  obtained  in  colourless  crys- 
talline plates,  which  are  soluble  in  alcohol,  and  to  the  flame  of  which  the 
add  imparts  a  beautiful  g^reen  colour;  a  property  which  is  frequently  made 
available  in  coloured  illuminations. 

A  compound  of  boracic  acid  with  soda  (NaO,2Bo03),  termed  borax,  is 
frequently  employed,  since  it  may  be  fused  for  a  long  period  at  a  high 
temperature,  and  without  being  altered  in  its  properties.  In  fusing  metals 
it  is  frequently  added  with  the  view  of  facilitating  the  union  of  the  metallic 
particles,  and  partly  to  protect  them  from  the  oxidising  influence  of  the 
ttmoephere.  An  impure  variety  of  borax  occurs  as  a  mineral,  and  is  known 
uider  the  name  of  tinkal 


(2.)    METALS. 

63.  The  metals,  with  the  exception  of  mercury,  are  solid  bodies,  which, 
however,  meltf  or  assume  the  liquid  form,  at  high  temperatures,  and,  when 
exposed  to  a  i^ill  more  intense  heat,  are  converted  into  vapour.  The  clean 
and  pdished  surfaces  of  metals  reflect  light  and  have  considerable  lustre, 
which  is  termed  the  metaUtc  lustre.  The  greater  number  possess  a  high 
ipedfio  gravity,  and  th^ir  particles  exhibit  a  very  powerful  cohesion,  which 
renders  them  ductile  and  malleable,  and  allows  of  their  being  drawn  out 
into  wires.     They  are  excellent  conductors  of  electricity. 

The  metals  possess  a  remarkable  affinity  for  oxygen,  and  by  far  the 
greater  number  occur  in  Nature  combined  with  this  element  The  metallic 
oxides,  contrary  to  the  oxides  of  the  non-metallic  bodies,  are  pre-eminently 
eompounds  with  basic  properties.  A  very  limited  number  of  the  higher 
metallie  oxides  have  the  characters  of  acids,  and  are  therefore  termed  metallic 
acids  (§  23).  Their  affinities  for  bases,  however,  are  much  less  powerful 
than  those  of  the  strong  acids  of  sulphur,  nitrogen,  and  phosphorus,  and 
also  of  hydrochloric  acid.   Most  of  the  metallic  oxides  are  insoluble  in  water. 

The  metals  combine  readily  with  cJilorine,  producing  neutral  compounds, 
which  are  termed  chlorides^  and  possess  the  properties  of  the  salts  that  are 
formed  by  the  union  of  metallic  oxides  with  oxygen-acids.  The  chlorides 
are  mostly  soluble  in  water,  and  are  proportionately  seldom  met  with  in 
Nature.  The  elements  ioaine,  bromine,  fluorine,  and  the  compound  radical 
tyoHogefi  (§  59),  exhibit  an  analogous  deportment  towards  the  metals,  and, 
owing  to  their  faculty  of  producing  with  the  metals  saline  compounds,  they 
are  called  salt-formers  (halogens),  and  their  salts,  haloid-salts,  in  contradis- 
tinction to  the  oxygen-salts,  or  salts  of  the  metallic  oxides. 
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Next  to  oxygen,  sulphur  is  the  element  with  which  the  metals  are  most 
frequently  found  in  combination.  Its  natural  compounds  with  the  heavy 
metals  have  a  metallic  and,  usually,  brass-yellow  appearance ;  while  those 
which  are  artificially  prepared  are  powders  of  various  colours  (see  §  43). 
The  combinations  of  sulphur  with  the  metals  are  termed  sulphides,  and 
generally  have  strongly  hade  properties.  Some  of  the  higher  sulphides^ 
however,  deport  themselves  as  acids,  and  unite  with  the  inferior  combinations 
to  form  peculiar  sulphur  salts.  The  sulphides  exhibit  so  powerful  an  affinity 
for  oxygen  that  many  absorb  it  even  in  the  air  or  in  water,  and  become 
transformed  into  sulphates  of  the  metallic  oxides,  whilst  others  combine  with 
oxygen  only  when  exposed  to  a  high  temperature.  When  treated  with  aa 
acid,  the  sulphides  yield  hydrosulphuric  acid  and  a  salt  of  the  oxide. 


Classification  of  the  Metals. 

64.  The  metals  admit  of  being  readily  distinguished  by  the  following 
table,  in  which  they  are  presented  in  several  groups,  according  to  their  pe- 
culiar properties,  and  each  distinguished  by  a  particular  name :  — 


BfBTAU. 

PtopertiM  of  the 

Oxides. 

Sulphides. 

(A.)  Light  MetaU. 

Speoiflo  gnvifcy  from  0*8  to  1 
nerer  oooor  in  th«  anoom- 
bined  state. 

Powerful  bases;  jpossessing 
strong  affinity  for  water, 
and  form  with  it  hydrates. 
They  yield  their  oxygen  to 
carbon  only  at  a  white  heat 

Powerful  bases,  which  oxi- 
dise in  the  air,  and  form 
sulphates ;  when  treated 
with  acids  evolve  hydro- 
sulphuric  acid. 

(a.)  AlkalxM  MetaU, 

1.  Potacsium. 

2.  Sodiam. 
(Ammoniiim.) 

Highly  caustic;  powerful  ba- 
ses, separate  all  other  ox- 
ides from  their  combina- 
tions with  acids ;  are  very 
soluble  in  water,  and  do 
not  lose  their  water  of  hy- 
dration at  the  highest  tem- 
peratures; attract  earbonio 
acid  rapidly  from  the  air. 

Caustic ;  strong  bases ;  very 
soluble  in  water,  and  dis- 
solve a  large  quantity  of 
sulphur,  whieh  is  sepa- 
rated on  addition  of  an 
acid  as  a  white  powder, 
termed  mitt  ef  wulphw  ; 
they  were  formerly  termed 
liver  o/$ulphur. 

{h.)Mttal9ofih€AUcaUMEarth: 

3.  Calcium. 

4.  Barium. 

5.  Strontium, 

Caustic ;  strong  bases;  slight- 
ly soluble  in  water;  lose 
their  water  of   hydration 
at  a  moderate  heat,  and 
powerfully  absorb  carbonic 
acid. 

Caustic;  strong  bases;  dis- 
solve sulphur,  and  art 
partly  soluble  in  water, 
and  partly  insoluble. 

(c)  MetaU  of  tU  Earth  proper. 

6.  Magnesium. 

7.  Aluminum. 

Feebly  caustic  fWf**;^^*f^"' 
Notiustic.      [     '^^^l. 

Insoluble  in  water. 

(B.)  Heavy  MetaU. 

Specific  gravity  fVom  5  to  21 ; 
are  found  chiefly  In  combi- 
nation with  oxygen,  and  fre- 
quenUy  with  sulphur   and 
arsenic;  some  are  native. 

Feebler  bases  than  the  fore<f 
going,  some  are  acids ;  in- 
soluble in  water,  and  lose 
their  water  of  hydration 
at  a  moderate  heat. 

Neutral  compounds;  insolu- 
ble in    waUr:    antimony 

*  and  several  of  the  rarer 
metals  produce  compounds 
with  sulphur,  which  deport 
themselves  as  acids. 

POTASSIUM. 
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Kralb. 

PzopertiMofthe 

Oxidee. 

Sulphides. 

(a.)  C6mwum  Jf«lalf. 
Beeome  oxidised  in  the  air. 

8.  Iron.              14.  Lead. 

9.  Manganete.  15.  Tin. 

10.  Cobalt.           16.  Zine. 

11.  NickeL          17.  Chromium. 
11  Copper.          18.  Antimony. 
13.  Bi«»atti. 

With    few    ezoeptions    are 
goluhle  in  acids,  and,  when 
ignited  with  oarbon  at  a 
red-heat,  yield  their  oxy- 
gen ;  are,  for  the  most  party 
Auible  and  noB-7ohitUe. 

Those  oeeurring  in  Nature 
are  somewhat  brass-like  in 
appearance,  and  are  termed 
pyritet  and  blendet.  Those 
which  are  artificially  pre- 
pared have  peculiar  co- 
lours, as  mentioned  at  ^  43 ; 
by  heat  they  are  conyerted 
into  sulphates. 

(b.)  NobU  MetaU. 

Unehanseable  in  the  air. 

11  Merenij.       31.  Gold. 
SO.  surer.           22.  Platinum. 

Have  more  the  properties 
of  acids  than  of  bases ;  are 
decomposed    by    ignition 
into  oxygen  and  metal. 

With  the  exception  of  sul- 
phide of  mercury,  they 
leave  the  pure  metal  when 
ignited. 

(A.)    LIGHT    METALS. 

14.  POTASSIUM. 

Symbol:  K  =  89;  Specific  Gravity  a=  0-8. 

65.  When  carbonate  of  potassa  (KO,COa)  and  charcoal,  finely  pnlyerised 
md  mixed,  ar^  exposed  to  a  white  heat  in  an  iron  retort  a,  fig.  39,  the  oxygen 
of  the  potassa  combines  with  the  oarbon  whilst  the  potassium  is  volatilized 
18  a  greenish  yaponr.     The  vapour  condenses  in  the  form  of  metallic  globules 
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of  the  siee  of  peas  m  the  oopper  receiver  h,  which  is  half-filled  with  mineral 
napJuha.  To  facilitate  the  condensation  of  the  potassiom,  the  receiver  is 
sarroanded  by  a  wire  basket  hxcd,  filled  with  ice.  Although  the  mate- 
rials employed  in  the  preparation  of  thb  element  are  by  no  means  costly^  it 
nevertheless  retains  its  high  price,  owing  to  the  difficulties  of  the  operation 
and  the  small  quantity  obtained. 

Potassium  exhibits  the  lustre  of  silver,  and  is  sufficiently  soft  to  admit  of 
being  cut  with  a  knife.  Its  most  remarkable  property,  however,  is  the 
powerful  affinity  it  possesses  for  oxygen )  for,  when  exposed  to  the  air,  it 
immediately  attracts  this  gas,  and  becomes  covered  with  a  gray  coating  of 
oxide  of  potassium.  It  abstracts  oxygen  with  the  greatest  avidity  frooi  all 
bodies  containing  it,  and  therefore  it  can  only  be  retained  in  the  metallic 
state  by  preserving  it  in  mineral  naphtha,  which  consists  only  of  carbon  and 
hydrogen. 

One  of  the  most  beautiful  diemical  experiments  may  be  made  by  throwing 
a  fragment  of  potassium  upon  water  contained  in  a  plate.  The  metalHo 
globule  immediately  combines  with  the  oxygen  and  developes  a  temperature 
sufficiently  high  to  inflame  the  evolved  hydrogen,  to  which  the  vapour  of  the 
bumkig  potassium,  simultaneously  liberated,  imparts  a  beautiful  violet-colonr 
The  burning  metal  floats  about  with  a  hissing  noise  upon  the  surface  of  the 
water  until  it  is  entirely  converted  into  oxide  of  potassium,  which  dissolves 
in  the  water. 

Hitherto,  potassium  has  received  no  application  in  the  arts,  although  the 
chemist  avails  himself  of  its  powerful  affinity  in  separating  oxygen  from  many 
other  oxides,  such  as  silicic  acid,  boracic  acid,  magnesia,  &c. 

Compounds  op  Potassium. 

66.  Oxide  of  poUunum  (KO),  usually  termed  potassa,  is  obtained  in  the 
form  of  hydrate  ^KO,HO)  when  the  carbonate  of  potassa  is  boiled  with 
caustic  lime  until  it  has  lost  the  whole  of  its  carbonic  acid  (§  79),  which  may 
be  readily  ascertained  by  the  non-effervescence  of  a  filtered  portion  of  the 
liquid  on  addition  of  hydrochloric  acid.  The  solution,  after  it  has  become 
clear  by  standing,  is  evaporated  to  dryness  and  ignited,«Fhen  the  dry  hydrate 
of  potassa  is  obtained  in  the  form  of  a  white  hard  mass,  which  is  commonly 
called  caustic  potassa. 

Solution  of  potassa  is  in  the  highest  degree  alkaline  (§  17)  and  caustic. 
It  dissolves  all  vegetable  and  animal  substances,  particxilarly  fieits,  and  is 
therefore  to  be  considered  as  a  highly-dangerous  substance.  Moreover,  as  it 
attacks  all  vessels  of  which  silicic  acid  is  a  constituent,  it  is  necessary  to 
employ  either  iron  or  silver  vessels  in  all  operations  in  which  it  is  fused,  and 
likewise  in  its  preparation. 

Hydrate  of  potassa  is  employed  in  medicine  as  a  caustic ;  its  solution  is 
used  in  the  manufacture  of  soapy  and,  in  a  very  diluted  state,  for  the  purpose 
of  washing.  Exposed  to  the  air  it  rapidly  attracts  carbonic  acid,  being  slowly 
converted  into  cadbonate,  whereby  it  loses  its  caustic  properties. 

67.  Sulphide  of  potassium,  which  claims  our  particular  attention,  is  the 
pentasulphide  (KS»)  which  is  formed  when  a  pulverized  mixture  of  carbonate 
of  potassa  and  sulphur  is  gently  heated.  We  thus  obtain  a  fused  mass  of  a 
fine  Uver-colour,  which  is  termed  liver  of  sulphur,  and  is  almost  as  alkaline 
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m  eanstic  potessa.  The  Bolotion  of  sulphide  of  potassiom  is  yellow,  and 
erolTes  hjdrostdphiuio  aeid  on  addition  of  an  acid,  a  portion  of  sulphur  heinf 
at  the  same  time  deposited  as  a  very  fine  white  precipitate^  which  is  termed 
milk  of  suljphtir.  When  exposed  to  the  mfluenoe  of  the  atmosphere  it  rapidly 
attracts  oxygen  and  moisture,  and  is  oonverted  into  sulphate  of  potassa.  The 
sulphide  of  potassium  is  employed  in  medicine,  particularly  for  sulphur 
baths,  and  in  chemistiy  as  a  means  of  deoxidation.  Its  solution  is  oapahle 
of  dissolving  a  considerahle  quanti^  of  sulphur. 

68.  Carbonate  of  potoisa  (KO,COs)  is  the  compound  of  potassium,  from 
which  all  the  others  are  prepared.  It  is  obtained  by  exhausting  wood-ashes 
with  hoi  water,  evaporating  the  brown  liquid  to  dryness,  and  ignidog  the 
zesidoe.  The  gray  mass  thus  obtained  is  commonly  known  by  the  name  of 
jKdasheg;  it  contains  in  admixture  a  variety  of  other  salts. 

Carbonate  of  potassa  has  a  mild,  alkaline  taste,  and  communicates  a  blue 
o^or  to  reddened  litmns-paper ;  the  carbonic  acid  being  insufficient  to  neu- 
tralise the  highly-basic  properties  of  the  potassa.  From  the  atmosphere  it 
absorbs  moisture  with  avidity,  and  is  ultimately  liquefied. 

The  ashes  of  difiSerent  plants  afford  very  dissimilar  quantities  of  potashes ; 
1000  lbs.  of  different  v^table  substances  have  been  found  to  yield  as  follows : 
pine-wood,  0*45  lb.;  b^ch-wood,  145  lb. ;  oak-bark,  4  lbs. ;  straw,  5  lbs. ; 
beech-bark,  6  lbs. ;  the  bean-plan^  20  lbs. }  nettles,  25  lbs. ;  thistles,  35  lbs. ; 
and  wormwood,  98  lbs.  of  potashes.  ManufEustories  of  this  important  sub- 
stance exist  in  the  woody  districts  of  Germany  and  Eussia,  and  particularly 
in  the  immense  forests  of  America. 

Potashes  are  employed  in^e  preparation  of  all  the  other  compounds  of 
potassa,  and  particularly  of  alum,  soap,  and  glass. 

69.  A  most  important  salt  of  potassa  is  the  nitraUf  (K0,N05),  which  is 
commonly  known  under  the  name  of  saltpetre.  In  the  formation  of  this 
eompound  the  requisite  quantity  of  nitric  acid  is  produced  by  the  decompo- 
sition of  nitrogenous  organic  compounds.  As  we  have  seen  at  §  33,  oxygen 
and  nitrogen  combine  together  to  produce  nitric  acid,  only  under  particular 
drcumstances.  This  formation  takes  place  principally  when  nitrogenous 
animal  matters  are  suffered  to  decay  in  contact  with  metallic  oxides ;  the 
nitric  acid  produced  combines  with  the  oxides,  as  is  observed  particularly  in 
stables  and  in  the  neighborhood  of  dung-heaps,  where  animal  substances 
sofiTer  decomposition.  Walls  are  frequently  observed  to  be  coated  with  small 
crystals  of  nitre,  possessing  a  bitterish  cooling  taste.  When  animal  matters, 
manure,  &c.,  are  intentionally  heaped  together  with  moist  earth,  containing 
lime  and  potassa,  we  have  all  the  conditions  required  for  the  formation  of 
saltpetre.  The  saltpetre  beds  are  exhausted  with  hot  water,  and  the  salt 
purified  by  repeated  crystallization,  when  it  is  obtained  in  beautiful  six-sided 
columns.  The  manufacture  of  saltpetre  has  considerably  diminished  siuco 
the  discovery,  in  Chili,  of  large  natural  beds  of  nitrate  of  soda  (NaOjNOs), 
which  is  known  in  commerce  as  Chili  saltpetre,  and  admits  of  being  employed 
in  many  cases  instead  of  the  ordinary  compound  of  potassa. 

Saltpetre  has  a  cooling,  saline  taste,  and  is  frequently  used  as  a  remedial 
agent,  and  in  the  preparation  of  nitric  acid.  Exposed  to  a  high  temperature, 
it  fuses,  and  if  combustible  substances  be  then  brought  in  contact  with  it 
they  combine  with  its  abundant  store  of  oxygen,  and  bum  with  brilliant 
vivacity.  On  this  property  depends  the  important  application  of  saltpetre 
to  Uie  manufacture  of  gunpowder. 
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Chinpowder  is  a  mixture  of  76  parts  of  saltpetre,  11  of  salphnr,  arhI  1^ 
of  cnrboD,  separately  ground,  and  mixed  into  a  paste  wttii  water.  The  uum 
is  then  compressed  by  a  sieve,  to  obtain  it  in  small  grains,  wbich  are  afterk* 
wards  polished  by  revolving  them  in  a  vessel  with  pulverised  charcoal.  The 
manner  in  which  gunpowder  acts  is  readily  explained :  it  is  a  solid  body, 
decomposing  at  the  moment  of  inflammation  into  seveml  caseous  oompoands, 
which  are  enormously  expanded  by  the  heat  produced,  and  are  thereby 
capable  of  overcoming  the  most  powerful  resistance  and  of  prodncmg  very 
formidable  efiects.  !l^m  the  tolid  gunpowder,  which  may  be  represented 
by  the  formula  KO,  NO5  +  C  +  8,  are  formed  by  combustion  nitrogen, 
carbonic  oxide,  and  sulphurous  acid  =  N  +  00  +  SOt,  all  of  whicb  are 
gaseous  bodies,  whilst  potassa,  (KO),  in  combination  with  snlphunms  acid, 
remains  behind;  or,  if  the  gunpowder  be  veiy  inferior,  sulphide  of  potessiBa 
(KS)  is  likewise  formed. 

70.  Chlorate  of  potassa  (KO,  ClOs)  is  obtained  in  (Jie  form  of  beantifd 
brilliant  plates  when  chlorine  is  passed  into  a  saturated  solution  of  potassa. 
This  salt,  containing  so  large  a  proportion  of  oxygen,  bums  with  combustible 
substances  still  more  vividly  than  saltpetre,  and  is,  therefore,  a  very  dangerous 
compound.  It  is  employed  as  a  constituent  of  the  paste  used  in  the  manu- 
fiicture  of  matches,  in  pyrotechny,  and  for  the  preparation  of  oxygen. 

In  combination  with  silicic  acid  (§  61),  potassa  occurs  in  a  k^  number 
of  minerals,  but  particularly  in  felspar  (KO,SiO,  -f  AljOsjSSiOs),  whicfc 
contains,  moreover,  silicate  of  alumina.  By  the  disintegration  of  this  mineral 
the  potassa  becomes  diffused  in  most  soils,  and  there  forms  an  essential  con- 
stituent of  the  food  of  almost  all  plants,  ftom  the  ashes  of  which  it  is  sub* 
sequently  prepared. 

Artificial  silicate  of  potassa  is  prepared  by  igniting  three  parts  of  sand  with 
two  of  potashes.  The  fused  mass  is  dissolved  in  water,  and  used,  under  the 
name  of  water-glass,  for  the  purpose  of  coating  combustible  substances,  and 
protecting  them  from  the  danger  of  fire. 

When  potassa  is  fused  with  a  larger  excess  of  silicic  acid,  a  glass  is  obtaiaed 
which  will  be  more  minutely  described  with  the  soda  glasses. 

15.  SODIUM. 
Symbol :  Na  =  28 ;  Specific  Gravity  sx  -972. 

71.  This  metal  is  obtained  from  carbonate  of  soda  (NaO,002),  preoiedy 
in  the  same  manner  as  potassium  from  carbonate  of  potassa.  It  possesses 
all  the  properties  of  potassium,  with  the  exception  of  not  inflaming  when 
thrown  upon  water;  althou^  it  occa.iions  rapid  decomposition.  If,  however, 
a  fragment  of  sodium  be  placed  upon  moist  blotting-paper,  it  immediately 
ignites,  and  bums  with  a  beautiful  yellow  flame.  Moreover,  the  oxide  of 
sodium  (NaO),  which  is  termed  soda,  and  the  sulphide  of  this  metal,  present 
in  their  preparation,  properties,  and  applications,  so  great  a  similarity  to  the 
corresponding  compounds  of  potassium  that  it  is  unnecessary  here  to  describe 
them.  We  therefore  pass  at  once  to  the  consideration  of  those  compounds 
of  sodium  possessing  particular  characters. 

72.  Chloride  of  sodium  (NaCl)  is  better  known  under  its  familiar  name 
of  culinary  salt,  which  we  shall  fiierefore  adopt  Every  one  will  acknowledge 
the  importance  of  this  body^  whioh  forms  an  indispensable  oonstituent  of  the 
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fi)od  of  man  and  <^  man j  animab :  without  its  preeence  the  digestion  of 
&od  would  be  impossible.  It  has  received  an  important  application  in  affri- 
enltnre,  and  is  the  exclusive  source  whence  we  derive  chUfrvne  (§  35),  which 
is  80  important  to  the  arts  and  mamifactures ;  it  is^  moreover^  the  ocHnponnd 
containiDg  the  chief  constituent  of  soda  (§  73). 

Culioarj  salt  is  by  no  means  too  abundimtlj  distributed  in  Nature.  Hence 
many  disputes  have  arisen  between  nations  with  reference  to  this  necessary 
eompoond,  and  many  states  have  secured  its  cheap  acquisition  by  commercial 
treaties.  It  is  found  partly  in  the  solid  form,  as  rock  salt,  and  partly  dis- 
sobred  in  the  waters  of  »ali$^  $pnng$;  and,  lastly,  it  is  an  invariable 
eonstitnent  of  ieorwater.  To  obtain  it  from  these  varioua*  sources,  different 
modes  are  ad<^pted.  The  rock-salt  is  obtained  chiefly  from  the  mines  of 
Sabsbmrff.  To  prepare  it  from  the  saline  springS|  the  waters  are  evaporated 
until  sufficiently  concentrated  to  allow  the  salt  to  crystallise.  If  the  waters 
contain  from  15  to  20  per  cent  of  salt,  they  are  at  once  evaporated  in  the 
boiling  pans;  but  if  only  a  small  percentage  of  salt  is  present,  it  is  customary> 
viUi  a  view  of  saving  fuel,  first  to  evaporate  or  graduate  them  by  exposure 
to  the  air.  For  this  purpose  the  brine  is  allowed  to  percolate  through  high 
stacks  of  thcHiiy  fa^^ts,  called  graduating  loorks;  by  which  means  the  air 
passing  over  the  distributed  liquid  readily  evaporates  a  large  quantity  of 
water.  This  process  is  frequently  repeated  until  the  brine  is  worth  boiling. 
From  the  boilmg  pans  the  ndt  is  obtained  in  the  form  in  which  we  daily  see 
it  at  our  tables. 

Sea-water  contains,  on  the  average,  about  2i  per  cent  of  salt.  In  some 
parts  of  the  coast  of  England  the  water  of  ^e  sea  is  let  into  large  shallow 
ponds,  termed  9altem$,  where,  by  the  influence  of  sun  and  wind,  it  is  slowly 
evaporated.  The  salt  that  is  deposited  is  farther  purified  by  re-solution  and 
evaporation,  but  even  then  is  inferior  in  quality  to  the  salt  obtained  from 
mU  brines. 

The  salt-works  of  Germany,  particularly  those  of  Lunebnrg,  Keichenhall, 
Wimpfen,  Rappenau,  and  Durrheim,  are  veiy  rioh^  and  yield  from  23  to  25 
per  cent,  of  salt 

73.  In  the  neighbourhood  of  saline  springs  and  of  the  sea,  grow  the  so- 
called  salt-plants  (Salsola),  whieh  yield,  when  burned,  an  ash  consisting 
^ndpally  of  carbonate  of  9oda  (NaO;C09),  or,  as  it  is  commonly  termed^ 
toda.  The  same  salt^  although  less  pure,  is  likewise  obtained  by  the  com- 
bustion of  several  marine  plants.  By  far  the  greater  quantity  of  soda, 
however,  is  at  present  prepared,  in  large  manufftctories,  from  the  chlcunde 
of  sodium.  For  this  purpose,  tiie  chloride  is  first  converted  into  sulphate 
of  soda  (NaOjSOs)  by  heating  it  with  sulphuric  acid,  hydrochloric  acid 
(§  36)  being  obtained  as  a  secondary  product  The  sulphate  of  soda  is  then 
Spited  with  charcoal  and  carbonate  of  lime,  by  which  means  an  insoluble 
oxisulphide  of  calcium  and  soluUe  carbonate  of  soda  are  formed.  The  car- 
bonate is  finally  extracted  by  warm  water,  and  brought  into  commerce  in 
fine  hydrous  crystals,  as  aysiaUized  soda,  and  partly  in  the  anhydrous  state, 
ealled  soda-ash. 

In  its  chemical  properties  this  salt  exhibits  the  greatest  similarity  to  car- 
bonate of  potassa  (§  68) ;  and  for  most  of  the  purposes  to  which  these  salts 
are  applied  they  may  be  mutually  substituted.  Soda,  however,  does  not 
ittract  mmstui^  from  the  atmosphere.     Its  principal  use  is  in  the  manufao> 
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ture  of  hard  soap,  glass,  and  in  dyeing ;  its  cost,  moreover,  is  less  tban  tbat 
of  potashes.  The  crystallized  soda,  containing  63  per  cent,  of  water  of 
crystallization,  is  of  course  much  cheaper  than  that  which  is  calcined. 

74.  Sulphate  of  toda  (NaO,S03),  which  contains  a  large  quantity  of 
water  of  crystallization,  is  obtained,  as  above  mentioned,  in  the  fabrication 
of  soda.  This  salt,  which  is  frequently  employed  as  an  aperient,  was  dis- 
covered in  the  seventeenth  century,  and  named,  after  Glauber,  its  discoverer, 
the  miraculous  salt  of  Olauher  (sal  mirabile  Glauberi).  It  is  employed  in 
large  quantities  in  the  manufacture  of  glass.  When  14  parts  of  crt/staUized 
Glauber's  salt  are  finely  pulverized,  and  mixed  with  6  parts  of  sulphuric 
acid  and  4  of  water,  the  temperature  sinks  to  8**  or  10°  C.  below  zero  (17.6® 
to  14*^  P.).  If  water  contained  in  a  narrow  vessel  be  immersed  in  the  mix- 
ture, it  is  very  rapidly  frozen.  The  cause  of  this  phenomenon  is  due  to  the 
absorption  of  heat  by  the  water  of  crystallization  in  passing  from  the  solid 
to  the  liquid  form,  a  change  which  is  induced  by  the  sulphuric  acid  (see 
Physics,  §  146). 

75.  In  'the  mineral  kingdom,  soda  is  found  in  combination  with  sUicic 
add  less  frequently  than  potassa;  but  the  minerals,  natrolite,  albite,  and  other 
silicious  compounds  containing  soda,  are  by  no  means  rare.  We  shall,  how- 
ever,  first  of  all  consider  the  artificial  silicate  of  soda,  which  is  called 

Glass. 

By  tliis  term  is  understood  the  transparent  artificial  compounds  of  silicic 
acid  with  metallic  oxides.  Glass  never  contains  one  oxide  only,  but  several 
of  these  invariably  occur  together,  and  hence  we  may  term  it  a  mixture  of 
silicates.  The  principal  constituents  employed  in  the  preparation  of  glass 
are,  silicic  acid  (sand),  soda^  potassa,  oxide  of  lead,  and  lime  (CaO),  be- 
sides the  colouring  oxides,  which  are  always  added  only  in  very  small  quan- 
tities. The  kind  of  glass  is  determined  by  the  prevailing  oxide,  and  we 
distinguish  in  commerce  the  different  varieties  under  the  names  of  soda-glass, 
potassa-glass,  lead-glass,  &c.,  which  differ  essentially  in  their  properties. 

Botassorglass  is  the  hardest  and  most  difficult  to  fuse ;  moreover,  it  is  the 
most  colourless  and  transparent,  and  constitutes  the  chief  mass  of  the  mag- 
Bifioent  Bohemian  crystal^lass.  The  sodorglass  was  formerly  manufactured 
principally  in  France,  and  is,  therefore,  called  Prench^lass;  it  is  softer  and 
more  easily  fused,  and  has  a  bluish-green  colour )  it  is  principally  used  for 
windows.  Leadrglass  is  the  heaviest  and  ibises  most  readily,  whereby  it 
may  be  recognised  without  difficulty.  The  inferior  kinds  of  it  have  a  some- 
what cloudy  appearance,  yet  vessels  which  are  made  of  them  have  a  fine 
lustre,  and  they  are  particularly  adapted  for  those  glass-wares  which  are 
pressed  between  hot  metallic  plates.  On  the  other  hand,  the  purer  kind  of 
lead  glass,  termed  English  flint-glass,  is  distinguished  by  its  transparency 
and  remarkable  power  of  refhicting  light,  and  is  consequently  employed  in 
the  manufiicture  of  lenses.  Lim^-glass  is  a  constituent  of  all  kinds  of  glass, 
particularly  of  the  green  and  yellow  bottle-glass,  which  it  renders  more  fusi- 
ble. If  a  larger  proportion  of  lime  be  used,  a  semi-transparent  and  white 
glass  is  produced,  which  is  usually  termed  milk-gla^. 

76.  In  the  preparation  of  glass,  the  constituents  which  are  always  mixed 
with  broken  glass  are  finely  pulverized,  dried  by  ignition,  mixed  according 
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to  Ae  kind  it  is  wished  to  produce,  and  then  gradually  projected  into  the 
melting  pot.  As  many  aa  six,  eight,  or  ten  of  these  cnicibles  are  placed  in 
an  arched  oven  kept  continually  at  a  red-heat  by  a  fire  which  is  burning  year 
filer  year.  After  the  lapse  of  twelve  hours,  the  mass  melts,  and  at  the 
expiration  of  iwentj-four  hours  it  is  ready  for  working,  a  process  which 
varies  greatly^  according  to  the  purposes  for  which  the  glass  is  required. 
The  principal  tool  of  &&  glass-blower  is  the  so-called  hhw^pcy  consisting 
of  an  iron  tube  from  three  to  four  feet  long,  which  he  dips  into  the  melted 
mass,  and  then  blows  out  the  adhering  glass,  precisely  in  the  same  manner 
as  we  make  bubbles  of  soap.  By  suitable  rolHng,  stretching,  bending,  and 
moulding,  the  -warkman  gives  to  his  ball  all  possible  shapes,  and  cuts  with 
a  pair  of  soissoirs  the  soft  glass  wherever  he  deems  it  necessary,  exactly  as 
we  cut  a  piece  of  paper.  If  it  is  intended  to  make  sheet  or  window-glass,  a 
loQg  hollow  cylinder  is  blown,  which  is  first  cut  open  at  the  lower  extremity 
and  then  in  a  longitodinal  direction.  The  sheets  are  then  stretched  in  a 
particular  kind  of  OTen,  and  polished.  Large  plates  for  mirrors  are  cast,  and 
(hen  snbmitted  to  the  tedious  and  troublesome  processes  of  grinding  and 
polishing,  whicb  make  this  kind  of  glass  exceedingly  dear. 

77.  Coloured  glass  is  obtained  by  the  addition  of  certain  metallic  oxides 
to  the  melted  nass,  and  these  we  will  mention  with  the  corresponding 
colours.  Slack  glass  is  produced  by  a  mixture  of  protoxide  of  iron,  binoxide 
of  manganese,  protoxide  of  copper,  and  oxide  of  cobalt )  blue,  by  oxide  of 
eobalt;  violet,  by  binoxide  of  manganese;  green,  by  protoxide  of  copper, 
or  seeqmoxide  of  chromium ;  bottle-green,  by  protoxide  of  iron ;  purple-red, 
by  oxide  of  gold  with  binoxide  of  tin;  ruby,  by  suboxide  of  copper;  flesh* 
eolour,  by  seaqnioxide  of  iron;  and  yellow,  by  teroxide  of  antimony  and 
pK^xide  of  silver. 

Transparent,  highly  lustrous,  coloured  lead-glass,  termed  glass-flux  or 
skra^  is  employed  in  the  fabrication  of  the  artificial  precious  stones,  aod  the 
brilliant  g^ass  pearls.  An  addition  of  binoxide  of  tin  renders  the  white  or 
coloured  glass  opaque,  in  which  case  it  is  called  enamel,  and  is  used  for 
necklaces  and  all  kinds  of  omiunents. 

The  art  of  painting  on  ghiss  consists  of  two  diflerent  processes  —  either 
differently-coloured  pieces  of  glass  are  united  by  means  of  lead,  or  coloured 
glass-flux  is  burnt  into  the  sunace  of  the  glass ;  the  colour  is  then  on  certain 
parts  ground  or  etched  out  by  hydrofluoric  acid  (§  89),  and  other  glass-fluxes 
burnt  in,  whereby  the  required  designs  are  produced.  Those  colours  which 
are  capable  of  standing  the  least  heat  are  placed  on  last.  This  noble  art  has 
been  particularly  investigated  by  the  chemist,  and  at  the  present  time  the 
most  magnificent  colours  are  obtained. 

Ammonium. 

78.  As  will  be  shown  in  the  subsequent  part  of  this  work,  we  find  in  all 
liqfaids  obtained  in  the  dry  distillation  of  nitrogenous  bodies,  a  voktile  com- 
pound  of  nilTOgen  and  hydrogen  which  possesses  all  the  properties  of  a 
powerfully  basic  metallic  oxide,  and  has  received  the  name  of  ammonia 
(NH4O).  This  combination  is  obtained  in  a  state  of  purity  when  chloride 
of  ammonium  (NH4CI)  is  heated  with  caustic  lime,  and  the  evolved  gas 
passed  into  water. 
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Soludon  of  ammonia  rNH^O),  usnallj  termed  q>irit  of  tal-ammaniae  or 
hartshorn,  is  a  peUooid  liqaid  of  penetrating  odour  and  taste,  producing  a 
powerfully  irritating  effsct  upon  the  eyes.  The  abundant  formation  of  am- 
monia from  decaying  animal  refuse  is  amply  testified  by  the  powerfol  odoar 
continually  emitted  by  these  bodies  during  decomposition^  particaludyin 
moist  weather.  The  formation  appears  to  depend  chiefly  on  the  presence  of 
a  large  quantity  of  moisture,  for  when,  by  suitaUe  arrangements,  the  liqaid 
contents  of  cesspools  and  sewers  are  allowed  to  drain  off,  the  generation  df 
this  compound  is  greatly  retarded. 

Cldorxde  of  ammonium  (NH4CI)  is  obtained  when  tiie  alkaline  liquid 
produced  in  the  distillation  of  animad  matters  is  saturated  with  hydroohlorie 
acid,  and  the  solution  evaporated  and  sublimed.  It  occurs  as  a  white  salt, 
commonly  termed  sal<immomac,  in  consequence  of  haying  been  originally 
imported  from  the  province  of  Ammonium  in  Bgypt,  where  it  was  prepared 
by  distillation  of  cameVs  dung. 

Carbonate  0/ ammonia  (NH40,C08)  orystalliaes  from  the  above-mentioned 
alkaline  liquid,  and  is  purined  by  frequent  solution  and  recrystalliiation. 

All  the  compounds  of  ammonia  possess  a  peculiarly  sharp  taste,  and  evolve 
when  mixed  with  lime  the  pungent  odour  of  tiie  liquid  compound.  They 
are  highly  valuable  remedial  agents,  acting  particularly  upon  the  cutaneous 
system,  and  when  taken  internally,  produce  the  effect  of  poweri^il  sudorifios. 
Their  volatility^  and  the  facility  with  which  they  are  expelled  from  other 
substances  render  them  of  great  importance  in  chemistry,  and  peculiarly  fit 
them  for  the  purposes  of  many  chemical  analyses.  The  ammonia  compounds 
display  a  remarkable  analogy  to  the  corresponding  combinations  of  potassa 
and  soda ;  and  hence  we  observe  that  a  similar  series  of  phenomena  are 
produced  in  certain  cases  when  ammonia  is  substituted  for  potassa  or  soda^ 
or  when  the  carbonate  of  ammonia  or  sulphide  of  ammonium  is  employed 
in  the  place  of  the  carbonates  of  potassa  and  soda  or  the  sulphide  of  po- 
tassium. 

Moreover,  the  compounds  of  ammonia  are  highly  important  in  their  rela- 
tion to  the  vegetable  kingdom.  It  may  be  assumed  that  all  the  nitrogen  of 
plants  is  derived  from  the  ammonia  which  they  absorb  from  the  soil  and 
from  the  surrounding  atmosphere. 

The  similarity  of  ammonia  to  the  metallic  oxide  has  led  to  the  conjecture 
that  all  its  combinations  contain  a  compound  metallic  body,  which  has 
received  the  name  ammonium  (NHJ ;  but  no  one  has  yet  succeeeded  in  its 
preparation,  although  by  peculiar  processes  it  may  be  obtained  in  the  form 
of  an  amalgam. 

16.   CALCIUM. 
Symbol:  Ga&s20. 

79.  This  metal  forms  a  considerable  part  of  the  solid  crust  of  the  eartb^ 
entire  mountains  consisting  of  the  carbonate  of  its  oxide  (chalk) ;  it  is  also 
a  never-failing  constituent  of  plants  and  animals.  In  the  free  state  it  oflent 
little  interest,  and  owes  its  importance  chiefly  to  its  combinations.  We  shall 
first  consider — 

Oxide  of  calcium^  or  lime  (CaO),  which  is  obtained  by  the  ignition  of 
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orbonato  of  Hme  (CaO^COs),  wken  the  carbonie  add  is  evolved.    On  the 
km  scale  the  process  is  carried  on  in  fdmaoes  called  lime'kilns. 

The  properties  of  lime  are  funiliar  to  every  one.  It  possesses  a  grayish* 
vhite  appeaxancey  and  when  moistened  with  water  it  combines,  with  con- 
aiderable  development  of  heat  (Phys.  §  147),  to  prodnoe  hydrate  of  lime 
(GaOyHOX  whidi  is  ordinarily  termed  slciked  Hme,  The  canstic  Hme  when 
tbiB  treated  swells  np  and  cracks,  and  finally  onimMes  to  an  impalpable 
powder.  On  additimi  of  a  farther  quantity  of  water,  a  milky  l^nid  is  pro- 
doeed,  which  is  commonly  termed  milk  of  limey  mid  from  which  is  deposited 
a  portion  of  the  lime  in  form  of  a  pasty  mass,  lAilst  tiie  clear  sapematent 
liqidi  18  fovnd  to  be  a  solution  of  lime  in  water,  and  is  called  lime-toater. 

Lime  is  powerfully  canstic,  hence  called  cau$tic  Ume,  and  atfncts  carbonic 
acid  with  great  avktity  from  the  air,  whereby  it  if  again  oonverted  into  car- 
bonate and  completely  deprived  of  its  canstic  properties.  If  a  paste  of  lime 
be  exposed  to  the  atmosphere,  it  becomes  in  a  short  time  converted  into  hard 
evbonate  of  lime,  a  property  on  which  depends  its  importuit  application  to 
moTtart  and  cements. 

Caustic  lime  is  employed  in  white-washing,  and  f(nr  tiie  purpose  of  depriv- 
ing ddns  of  hair  in  &e  process  of  tanning  (technically  called  unhairing),  as 
well  as  in  many  chemical  operations. 

80.  Caarbcnate  of  lime  (CaO,COt),  like  silicnc  acid  and  carbon,  occurs  in 
Nature  under  a  variety  of  forms.  CaJcgpar  is  colourless,  transparent,  and 
oystallized;  marble  is  white,  granular,  uid  hard;  whilst  chaUc  is  soft,  and 
haves  a  mariL  when  drawn  across  a  coloured  surface.  Other  limestones, 
moreover^  are  coloured  hy  the  admixture  of  metallic  oxides;  thus  we  meet 
nith  gray,  yellow,  black,  brown,  red,  and  even  with  variegated  limestones, 
gaeh  as  many  of  the  beautiful  kinds  of  marbles.  But,  notwithstanding 
tkeir  diversity  of  form  and  appearance,  Ihey,  one  and  all,  are  characterised 
by  ^ving  rise  to  a  powerful  evolution  of  csrbonio  add,  when  treated  with 
hjdrochloric  acid,  and  by  yielding  caustic  lime  by  ignition. 

Carbonate  of  lime,  in  all  its  forms,  is  an  important  material,  not  only  for 
the  sculptor,  but  also  as  a  building-stone  and  cement  for  masonry ;  its  com- 
paratively tnfling  hardness,  however,  renders  it  iU  adapted  for  the  purpose 
of  constructing  roads. 

Offbonate  of  lime  is  the  main  component  of  the  shells  of  the  Crustacea, 
of  corals,  and  of  the  shell  of  the  egg ;  it  enters  likewise  into  the  composi- 
tion of  Ixmes,  and  hence  we  must  re^ird  it  as  one  of  the  necessary  consti- 
toents  of  the  food  of  animals.  Although  this  salt  by  itself  is  insoluble,  it 
is  nevertheless  an  almost  invariable  constituent  of  the  waters  we  meet  with 
m  Nature,  containing,  as  they  always  do,  a  portion  of  carbonic  acid,  which 
has  the  power  of  dissolving  carbonate  of  lime.  But  when  gently  warmed, 
the  volatile  gas  is  expelled  and  the  carbonate  of  lime  deposited  in  the  form 
of  a  white  incrustation  upon  the  bottom  of  the  vessel.  Every  household 
daily  affords  us  opportunities  of  witnessing  deposits  of  this  nature,  which 
are  particularly  observed  on  the  bottoms  of  tea-kettles,  and  if  the  water  con- 
tains a  large  quantity  of  calcareous  matter,  even  our  water-bottles  and  drink- 
iog-glasses  become  covered  with  a  thin  film  of  carbonate  of  lime.  These 
depositions  may  readily  be  removed  by  pouring  into  the  vessels  a  little  dilute 
hydrochloric  acid,  or  some  strong  vinegar,  which  in  a  short  time  dissolves 
the  carb<mate  of  lime. 
17 
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81.  Sulphate  of  lime  (OaO.SO,  +  2H0)  is  found  in  considerable  i 
and  is  commonly  known  nnder  the  name  of  gypsum.  It  ocean  eitlier  crys- 
talHced  or  srannlated,  and  of  dazzling  whiteness  resembling  sogar;  in  the 
latter  form  it  is  termed  <ilahaater,  which  is  so  soft  as  almost  to  admit  of  being 
cut  with  a  knifa,  and  is  admirably  adapted  for  various  kinds  of  works  of  art 
Gypsum,  as  shown  by  the  formula,  contains  water  of  crystallization^  which 
is  expelled  at  a  gentle  heat  Bat  when  ignited,  ground,  and  mixed  into  a 
paste  with  water,  it  acquires  iht  property  of  entering  into  chemical  combina- 
tion with  it,  and  forming  the  original  hydrate  which  in  a  short  dme  becomes 
perfectly  solid.  Thus  tt  offers  to  the  artist  a  highly-valuable  material  for 
preparing  the  vrell-known  plaster  figures,  and  by  its  use  the  noblest  statues 
of  ancient  and  modem  art  have  now  been  placed  within  the  reach  of  all. 

Gypsum,  moreover,  has  received  a  valuable  application  as  manure,  to 
which  we  shall  asain  return  in  our  consideratioii  of  the  nutrition  of  plants. 
In  water  it  is  sb'ghtly  soluble,  and  imparts  to  it  a  disagreeable  and  somewhat 
bitterish  earthy  taste. 

Phosphate  of  lime  constitutes  the  principal  mass  of  ihe  bones  of  animals, 
and  is  extensively  employed  in  the  preparation  of  phosphorus;  in  the 
form  of  ground  bones  it  is  likewise  used  as  a  manure.  It  appears  to  belong 
to  those  mineral  constituents  which  are  essential  to  the  nutrition  of  animals, 
being  found  in  the  seeds  of  all  the  cereals,  from  which,  expecially  those  used 
in  bread,  is  derived  the  phosphorus  contained  in  the  animal  oiganism. 

Silicate  of  lime  we  have  already  become  acquainted  with  as  a  oonstitnent 
of  glass.  A  number  of  minerals  and  mineral  remains  contain  mlidc  acid 
and  lime:  we  shall,  however,  allude  here  only  to  the  compound  known 
under  the  name  of  hydraulic  mortar,  or  cement,  the  principal  constituents 
of  which  are  silicic  acid,  lime,  and  alumina.  It  occurs  in  nature  as  the 
so-called  $tra$8,  or  it  is  prepared  artificially.  When  finely  pulverized  and 
mixed  into  a  paste  it  quickly  hardens,  even  under  water,  and  hence  it  is 
employed  with  great  advantage  in  the  construction  of  masonry  under  water, 
and  ht  the  purpose  of  protecting  many  buildings  against  the  action  of  water. 

Ghlorids  or  Lime. 

82.  When  chlorine  is  passed  over  hydrate  of  lime  (§  79),  thinly  spread 
upon  trays,  there  is  formed  a  mixture  of  lime  (CaO),  chloride  of  calcium 
(CaCl),  and  hypochlorite  of  lime  (CaO,C10).  This  compound  is  met  with 
in  commerce  in  the  form  of  a  moist  white  powder,  smelling  slightly  of  chlo- 
rine, and  is  generally  known  under  the  name  of  chloride  of  lime,  or  bleach- 
ing-powder. 

Cnloride  of  lime  evolves  chlorine  very  abundantly  when  treated  with  the 
weakest  acids,  and  even  the  carbonic  acid  of  the  atmosphere  suffices  to  decom- 
pose it ;  hence  it  offers  at  the  same  time  the  most  convenient  and  frequently- 
used  substance  for  preparing  this  very  important  element  Whilst  chloride 
of  lime  is  employed  in  enormous  quantities  in  bleaching  establishments,  we 
continually  avail  ourselves  of  its  disinfectant  properties  in  our  dwellings,  and 
particularly  in  anatomical  rooms,  hospitals,  &c.  For  the  latter  purpose  we 
place  about  a  table-spoonful  of  the  powder  in  a  saucer,  and  add  to  it  an 
equal  quantity  of  hydrochloric  acid  diluted  with  a  littie  water,  taking  great 
care  to  avoid  the  inhalation  of  the  pure  chlorine.    The  doors  and  windows 
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of  the  rooms  must  be  previously  closed^  ftod  opened  agiun  after  some  hours. 
If^  however,  the  chlorine  is  needed  in  an  inhabited  room,  it  is  advisable  to 
add  from  time  to  time  only  a  few  drops  of  hydrochloric  acid,  always  bearing 
in  mind  that  too  much  chlorine  is  very  pernicious.  If  it  be  desired  to  bleach 
written  papers,  soiled  engravings,  &c.,  a  filtered  solution  of  the  chloride  of 
lime  is  decomposed  with  a  few  drops  of  hydrochloric  acid,  and  the  object 
immersed  in  this  liquid  until  the  desired  effect  is  produced.  The  paper  is 
then  frequently  rinsed  and  allowed  to  remain  for  some  hours  in  a  large  vessel 
of  pure  water,  and  afterwards  dried  between  folds  of  blotting-paper.  Ink- 
spoto  are  removed  by  this  process  with  equal  facility. 

17.  BABIUM. 
Symbol:  Ba  =  68-6. 

83.  This  metal  occurs  much  less  frequently  than  the  one  we  have  just 
described.  Its  most  important  compound  b  the  so-called  Tieavy-gpar  or  ml- 
phaie  of  baryta  (BaO,SOs)  which  is  a  white,  compact  crystalline  mineral, 
and  is  distinguished  from  idl  the  other  earthy  compounds  by  its  great  spe- 
cific gravity,  which  is  =  4*44.  When  ground  to  a  fine  powder,  it  is  em- 
ployed as  a  white  paint;  all  the  inferior  kinds  of  white  lead  are  largely 
adulterated  with  heavy-spar.  The  sulphate  of  baryta  is  perfectly  insoluble 
in  water. 

Nitrate  of  baryta  (BaOySOs)  is  used  in  pyrotechny  for  preparing  a  green 
fixe,  for  which  the  following  mixture  is  employed :  20  parts  by  weight  of 
sulphur,  33  parts  of  chlorate  of  potassa,  and  80  parts  of  nitrate  of  baryta. 

18.  STRONTIUM. 
Symbol:  8r  =  48a 

84.  This  somewhat  rare  metal  is  distinguished  by  imparting  to  flame  an 
extremely  beautiful  crimson  colour,  and  on  this  property  depends  its  only 
application.  If  we  dissolve  the  chlaride  of  strontium  (SrCl;  in  spirits  of 
wine,  it  imparts  to  the  flame  a  beautiful  red  tint 

We  may  obtain  a  splendid  red  fire  by  burning  the  following  dry  mixture : 
10  parts  of  nitrate  of  strontia;  1\  part  of  chlorate  of  potassa;  3^  parts  of 
sulphur;  1  part  of  sulphide  of  antimony;  and  ^  part  of  charcoal. 

19.  MAGNESIUM. 
Symbol:  Mg=12-2. 

85.  Magne^m  is  frequentiy  met  with  in  combination,  and  occa^onally 
forms  one  of  the  principal  constituents  of  certain  mountains.  Its  soluble 
compounds  are  distinguished  by  a  bitter  taste  and  aperient  effect,  and  are 
almost  exclusively  employed  in  medicine.     Its  oxide  is  termed  magnesia. 

Chloride  of  magnesium  (MgOl)  is  a  constituent  of  sea-water,  to  which  it 
imparts  its  disagreeable  taste,  and  renders  it  unfit  for  the  ordinary  purposes 
of  life.     This  ^t  is  likewise  contiuned  in  many  saline  springs. 

Sulphate  of  magnesia  (MgOjSOs)  occurs  in  sea-water,  and  in  very  large 
quantities  in  many  saline  springs,  as  in  those  of  Epsom,  Seidschtitz^ 
Kissingen,  and  many  others,  from  which  it  is  obtained. 
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Carbonate  of  magnesia  (MgO,CO|)  forms  with  carbonate  of  lime  a  com- 

Kund  called  dolomite,  a  rock  which  occurs  in  masses  of  considerable  siae. 
the  pure  state  it  is  prepared  by  decomposing  a  hot  solution  of  sulphate 
of  magnesia  with  carbonate  of  soda.  When  dried  it  forms  an  extremely 
light,  locculent;  white  powder,  which  is  insoluble  in  water,  and,  therefore, 
tasteless.  By  ignition  it  loses  its  carbonic  acid,  and  is  then  pure  oxide  of 
magnesium  (MgO),  which  is  employed  in  medicine,  under  the  name  (^ 
calcined  magnesia,  particularly  for  acidity  of  the  stomach. 

20.  ALUMINUM. 

Symbol :  Al  a=  18-7 ;  Specific  GniTity  =  2-6. 

86.  This  metal  forms  a  considerable  part  of  the  crust  of  our  earth,  since 
its  oxygen-compound  (AljOs),  which  is  termed  alumina^  constitutes,  next  to 
silicic  acid  and  lime,  the  mass  of  the  greater  number  of  minerals.  like 
several  other  bodies,  which  we  have  already  become  accquainted  with, 
alumina  presents  itself  in  a  great  variety  of  forms.  (^Mineralogy,  §  43.) 

Crystallized  alumina  is  found  under  the  same  circumstances  as  crystallized 
carbon,  and  hence  the  mpphire,  consisting  of  pure  alumina,  and  distinguished 
by  its  hardness,  lustre,  and  infusibility,  is  numbered  amongst  the  precious 
stones.  The  minerals  corundum  and  emery,  which  are  alumina  of  a  less 
degree  of  purity,  likewise  possess  considerable  hardness,  and  owing  to  this 
property  they  have  received  an  important  application  in  grinding  and  polishing 
other  substances. 

Pure  alumina  may  be  chemically  prepared  by  precipitating  a  solution  of 
alum  by  ammonia.  The  gelatinous  precipitate,  when  washed  and  dried, 
forms  a  white,  insoluble,  and  infusible  mass,  which  strongly  adheres  to  the 
tongue. 

Alumina  is  distinguished  by  its  great  affinity  for  vegetable  fibre  and 
colouring  matters,  u  we  place  some  threads,  or  a  piece  of  cotton  or  linen 
texture,  in  a  solution,  and  precipitate  the  alumina,  the  oxide  is  found  to  enter 
into  intimate  combination  with  the  fibre ;  and  if  the  cloth  thus  prepared  be 
now  immersed  in  a  solution  of  a  colouring  matter,  the  alumina  fixes  a  portion 

of  the  colour  upon  the  fibre, 
which  then  appears  to  be  perma- 
nently dyed.  This  property  ren- 
ders alumina  an  important  mate- 
rial in  the  process  of  dyeing.  The 
insoluble  precipitates  which  alu- 
mina forms  with  vegetable  col- 
ouring matters  are  known  under 
the  name  of  lakes, 

87.  Alum  is  a  compound  of 
sulphate  of  alumina  with  sul- 
phate of  potassa  (Ala08,3SOs  + 
KO,SO,  +  24HO),  which  is 
found  in  Nature,  but  is  chiefly 
prepared  artificially.  It  possesses 
42.  a  sweetish,  astringent  taste,  crys- 

tallizes in  large  colourless  double  pyramids  (fig.  42),  and  is  soluble  in 
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water;  it  is  employed  in  enonnous  quantities  in  dyeings  and  in  the  prepa- 
ration of  other  aluminareompoundB,  particularly  of  the  acetate  of  alumina. 

The  compounds  or  mixtures  of  alumina  and  silicic  acid  perform  an  impor* 
tant  part  in  the  economy  of  Nature  and  of  man.  A  numher  of  hard  minerals 
consist  of  silicate  of  alumina,  and  give  rise,  by  their  disintegration,  to  an 
earthy  mass,  which  is  commonly  termed  clay.  According  as  they  are  mixed 
with  other  metallic  oxides,  the  clays  possess  various  colours,  and  are  distin- 
guished by  particular  names }  thus  we  have  the  white  Cologne  pipe-clay, 
fuller' s-carth,  porcelain-earth,  gray  clay,  yellow  clay  or  loam,  and  brown  and 
red  clays.  AH  these  kinds  of  clay  have  the  general  property  of  adhering 
more  or  less  strongly  to  the  tongue,  and  possess  a  peculiar  odour,  termed  the 
clay-odour,  which  is  probably  due  to  the  continual  absorption  of  ammonia 
from  the  atmosphere.  Clay  produces  with  water  a  soft,  plastic  mass,  which 
retains  moisture  with  extraordinary  power,  a  property  which  renders  it  of 
the  greatest  importance  to  agriculture,  and  secures  to  plants  the  moisture 
needed  for  their  growth. 

The  plasticity  of  moist  clay  has  led  to  its  employment  from  the  earliest 
times  in  the  manu&cture  of  pottery.  When  the  soft  vessels  of  clay  are 
ignited,  or,  as  it  is  commonly  termed,  fired,  they  acquire  considerable  hard- 
ness. The  names  by  which  they  are  distinguished  depend  upon  the  fineness 
and  parity  of  the  clay. 

Porcelain. 

88.  Porcelain,  which  has  long  been  known  to  the  Chinese,  was  discovered 
in  Germany  in  the  year 
1701,  by  Bottcher,  a  che- 
mist of  Meissen,  who,  by 
the  command  of  Prince 
Joachim  of  Saxony,  en- 
gaged in  the  attempt  to 
make  gold.  This  chemist 
mixed  and  fused  together  a 
variety  of  substances,  and 
finally  his  labours  were 
crowned  with  the  discovery 
of  a  beautiful  semi-trans- 
parent substance,  which  we 
term  porcelain,  and  which 
indeed,  has  proved  a  true 
mine  of  gold  to  the  king- 
dom of  Saxony. 

A  variety  of  clay,  called 
porcelain  -earth,  which  is 
free  from  iron,  is  found 
in  many  localities,  and  is 
the  principal  constituent  re- 
quited in  the  fabrication 
of  porcelain.  This  clay  is 
finely  ground,  and  inti- 
mately mixed  with  a  por- 
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tion  of  pore  silioio  aoid  or  gypsum.  From  the  mass  thus  prepared  the 
vessels  are  formed,  partly  by  hand  on  the  potter's  wheels,  and  partly  by  the 
aid  of  moulds,  upon  which  these  plates  of  clay  are  pressed  by  means  of  a 
soft  sponge.  After  the  vessels  have  been  slowly  dried  in  the  air,  they  are 
submitted  to  the  first  process  of  burning,  and,  in  order  to  prevent  them 
being  soiled,  they  are  put  into  clay  capsules,  and  placed  in  the  coolest  part 
of  the  potter's  lain  (fig.  43).  The  vessels  thus  fecome  hard  and  perfectly 
white,  but  their  appearance  is  dull  and  earthy,  and,  as  the  mass  imbib^ 
water  veiy  powerfully,  they  adhere  strongly  to  the  tongue.  The  porcelain 
now  requires  to  be  glazed,  tot  which  purpose  it  is  immersed  in  a  liquid  con- 
sisting of  finely-levigated  porcelain-eartii,  which  is  rendered  more  easily  fusi- 
ble by  addition  of  gypsum.  When  thus  covered  with  glaze,  the  vessel  is  a 
second  time  fired,  at  a  heat  approaching  to  whiteness. 

The  superior  kinds  of  porcehun  are  perfectly  white,  very  hard,  and  pro- 
duce sparks  when  struck  with  steel. 
They  exhibit  a  lustrous  and  con- 
choidal  fracture,  and  are  semi- 
transparent.  Vessels  of  porcelain 
which  are  very  thin  produce  a  tone 
almost  as  clear  and  pure  as  that  of 
metal. 

In  painting  porcelain,  a  mixture 
is  used  consisting  of  oil  of  turpen- 
tine and  coloured  glass  (§  77),  which 
b  laid  on  the  vessels  already  glazed, 
and  then  burnt  in,  at  a  very  gentle 
heat,  in  the  muffle-oven  (fig.  44). 

The  superior  Fayence  porcelain 
exhibits  a  white  earthy  fracture,  and 
is  glazed  with  the  most  readilv-fusi- 
ble  lead-glass.  But  vessels  of  infe- 
rior quality  present  a  gray,  yellow, 
or  red  fracture,  and  m  that  case 
they  are  glazed  with  a  white  glaze 
of  lead-glass  and  binoxide  of  dn. 
Earthen-ware,  or  earthep  vessels,  are  made  of  coarser  clay,  and  are  either 
unglazed,  as  flower-pots,  or  they  receive  a  coating  of  lead-slass,  and  it  not 
unfrequently  happens  that,  in  the  attempt  to  save  fuel,  the  oxide  of  lead 
required  for  the  glaze  is  not  perfectly  vitrified,  and  thus  the  food  preserved 
in  such  vessels  occasionally  acquires  poisonous  properties;  it  is,  therefore, 
necessary  to  select  well-burned,  clear-soundiDg,  and  highly-glazed  vessels. 

Another  kind  of  pottery,  which  is  called  stone-^ioare,  and  is  especialljr  used 
in  making  bottles,  preserve-pots,  &c.,  is  glazed  by  means  of  chloride  of 
sodium,  which  is  projected  into  the  red-hot  oven  containing  the  various  ves- 
sels. The  salt  volatilizes,  and  covers  the  interior  as  well  as  the  exterior  of 
the  wares  with  a  coating  of  readily-fusible  soda-glass. 

An  inferior  kind  of  clay  is  manufactured  into  tiles  and  bricks,  which 
generally  present  a  red  colour,  due  to  the  presence  of  sesquioxide  of  iron. 

89.  The  rare  mineral  known  under  the  name  of  lapis  lazuli  forms,  when 
finely  ground,  the  magnificent  blue  colour  called  uUramarine,    Chemical 
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inyesiigaiioDS  have  shown  that  this  mineral  consists  of  sulphide  of  sodium 
(§  71)  and  silicate  of  alnmina ;  by  igniting  these  substances  together  in 
proper  proportions  this  magnificent  colour  is  now  artificially  produced.  Hence 
the  price  of  ultramarine,  which  fonnerly  was  equal  to  that  of  gold,  is  now 
so  low  as  to  admit  of  this  substance  being  employed  iu  painting,  in  the 
manufacture  of  paper-hangings,  and  for  many  other  purposes. 

(B.)   HEAVY   METALS. 

21.  IRON  (FERBUM). 

Symbol:  Fe  =  28;  Speoiic  Grayity  =  7-8. 

90.  We  commence  our  description  of  the  heavy  metals  by  giving  an  account 
of  iron^  which  is  the  most 
important  and  valuable  of 
all  the  metals.  Of  this  we 
fabricate  the  plough,  with 
which  we  till  our  fields,  and 
^e  sword,  wherewith  to 
defend  them.  History  af- 
fords us  many  proofs  that 
by  the  possession  of  a  sur- 
plus of  gold  industry  be- 
comes in  a  measure  sus- 
pended; whilst  on  the  other 
hand,  the  possession  of 
iron,  the  true  source  of 
wealth,  has  led  to  the 
boundless  developement  of 
arts  and  manufactures. 

In  our  section  on  Mine- 
ralogy we  shall  describe  a 
number  of  ores  from  which 
iron  is  obtained,  and  which 
are  particularly  abundant 
in  this  country,  and  also  in 
Germany  and  Sweden. 
The  essential  constituents 
of  these  ores  are  iron  and 
oxygen^  from  which  the 
latter  element  has  to  be 
separated.  For  this  pur- 
pose the  ores  are  broken 
in  small  fragments,  mixed 
with  limestone  and  coal, 
and  introduced  into  the  blast-furnace  Tfig.  45).  The  oone  of  the  fur- 
nace A,  is  surrounded  by  fire-bricks,  i  i,  wnich  is  again  enveloped  in  a  casing, 
11^  formed  of  broken  scorise,  and  which  separates  the  internal  lining  of  the 
furnace  from  the  external  coating  of  fire-bricks,  mm',  supported  by  a  mass 
of  masonry,  n  n',  formed  either  of  stone  or  bricks.  The  opening  C,  at  the 
top  of  the  furnace,  is  called  the  throaty  or  tunnel-hole^  and  is  surmounted  by 
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s  dumney  D.  The  lower  eone  B,  k  known  by  the  name  of  the  ho^iei,  and 
is  constructed  generally  of  fire-stone.  At  the  commenoement  of  the  prooeea, 
the  bottom  of  the  fomaoe  is  filled  with  wood  and  coal  which  is  ignited,  and 
the  fire  is  afterwards  maintained  in  a  state  of  intense  ignition  by  a  powetfol 
and  continuous  blast  of  air.  As  soon  as  the  ore  has  become  thoroughly 
ignited,  its  oxygen  unites  with  the  carbon  to  prodooe  carbonic  acid,  whick 
escapes,  whilst  the  metal  itself  fuses,  and  flows  to  the  bottom  of  the  fur- 
nace, wbeuce  it  is  fix)m  time  to  time  allowed  to  run  out.  As  the  lower  stratum 
fuses,  the  one  above  falls  down,  and  by  the  continual  addition  of  fresh  quan- 
tities of  ore  and  coal  to  the  upper  part  of  the  furnace,  the  process  is  continued 
year  after  year  without  interruptibn,  until  at  last  the  heat  seriously  injures 
the  walls,  which  then  require  either  to  be  rebuilt  or  repaired. 

Iron,  however,  is  not  the  only  product  of  the  blast-furnace.  By  fin'  the 
greater  number  of  ores  contain,  moreover,  silicic  acid,  alumina  and  lime, 
which  by  the  heat  required  for  the  separation  of  the  iron,  and  by  the  lime- 
stone added  fcnrtdie  purpose  of  removing  the  silicic  add  and  alumina,  become 
fused  to  a  di^-colound  glass,  termed  stag,  which  flows  with  the  melted 
metal  to  the  bottom  of  the  fiimace.  The  slag,  being  much  lighter  than 
the  iron,  floats  upon  the  sur&ce,  and  is  from  time  to  time  removed  by 
rakes,  and  then  solidifies  to  a  vitreous  mass.  The  slag  which  covers  the  Bor- 
fiice  of  the  melted  iron  protects  it  from  the  atmosphere,  which  would  other- 
wise oxidize  a  considerable  quantity  of  metal :  hence  the  necessity  of  slag  in 
the  blast-fumaoe  process ;  when  the  cores  do  not  contain  those  constitaents 
necessary  for  its  formation,  it  is  usual  to  introduce  such  minerals|  and  espe- 
cially lime^  as  produce  a  raulily-f  usible  slag. 

Yarieties  op  Iron. 

91.  Carbon  has  tiie  property  of  entering  into  chemical  combination,  and 
of  being  dmolved  by  iron ;  and  according  to  the  proportion  in  which  it  is 
present  we  obtain  the  three  principal  varieties,  namely  (1.)  Cast^ion,  con- 
taining a  considerable  quantity  of  carbon.  (2.)  Wrought-iron,  free  from 
carbon.  (8.)  Steel,  or  iron  which  is  combined  with  a  vexy  trifling  quanti^ 
of  carbon. 

(1.)  The  metal  which  is  immediately  drawn  from  the  Uast-fumace  is  termed 
pig  or  cast-iron.  100  pounds  contain  about  5  pounds  of  carbon,  which  is 
eiUier  in  perfect  chemical  combination  or  only  partly  dissolved.  In  the 
former  case,  the  iron  is  white,  lustrous,  and  forms  the  variety  distinguished 
as  gpecular'iranf  which,  on  account  of  its  tenacity  and  difficulty  of  fusion,  is 
unsuited  for  casting,  and  is  employed  in  the  preparation  of  the  other  kinds 
of  iron.  In  the  ktter  case  the  iron  possesses  a  grayish  or  blackish^gray 
colour,  as  observed  in  the  ordinary  cast-iron  or  gray  j)ig-iron.  This  variety 
fuses  at  lOOO''  C.  (1832^  F.)  to  a  mobile  liquid  mass,  which  readily  flows 
into  all  parts  of  the  moulds  of  sand.  On  cooling,  it  contracts  only  to  the 
extent  of  about  1}  per  cent,  and  therefore  it  is  admirably  adapted  for  all 
kinds  of  castings,  particularly  for  furnaces,  hearth-pktes,  and  for  nnmberiess 
objects  of  art.  This  kind  of  iron,  which  exhibits  a  granulated  fracture,  is 
extremely  hard  and  brittle,  and  does  not  admit  of  being  worked  in  any  other 
way. 

(2.)  Bar  or  wrought  iron  is  found  to  be  almost  pure  iron :  it  is  preparod 
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fiom  the  foregoing  by  powerful  ignition,  in  contact  with  the  atmosphere, 
whereby  the  carbon  it  contains  is  burned,  until  scarcely  a  trace  remains.  The 
most  remarkable  property  of  this  kind  of  iron  is  extreme  tenacity,  which 
allows  it  to  be  wrought  with  facility,  and  drawn  into  fine  mrea,  or  rolled  into 
^tes,  bat,  owing  to  its  trifling  hardness,  it  is  little  suited  for  the  manu&o- 
tiire  of  catting  instruments.  Its  fracture  is  gray  and  jagged,  and,  when 
worked,  its  su^&ioe  acquires  considerable  polish,  and  has  then  a  white  colour. 
Bar-iron  fuses  only  at  the  strongest  white  heat,  at  about  1600^  C.  (2912  F.), 
and  hence  the  difficulty  of  joining  two  pieces  together  by  fusion ;  but  at  a 
nd-heat  the  iron  becomes  sufficiently  soft  to  admit  of  being  intimately  united 
by  hammering,  or,  as  it  is  commonly  termed,  welded  together. 

(B.)  Steel  contains  from  1  to  2  per  cent,  of  carbon.  It  is  either  prepared 
from  cast-iron,  by  the  removal  of  only  part  of  its  carbon,  or  from  bar-iron, 
to  which  some  carbon  is  again  added.  The  steel  prepared  by  the  first  process 
is  called  raw  or  cast-steel.  In  the  second  process,  the  bars  of  iron,  surrounded 
by  pnlverised  charcoal,  are  for  some  time  ignited  in  earthen  vessels,  whereby 
the  carbon  slowly  combines  with  the  iron,  and  converts  it  into  the  so-called 
eemeni'SieeL  Larger  masses  of  iron,  when  treated  in  a  similar  manner, 
have  their  surfaces  only  converted  into  steel,  or,  as  it  is  commonly  termed, 
eeanenied. 

Steel  oflTers  one  of  the  most  remarkable  examples  of  the  dxmmilar  pro- 
perties one  and  the  same  body  may  acquire  by  the  diffisrent  arran^ment  of 
partickfl.  By  itself  it  possesses  nearly  all  the  characters  of  bar-iron :  it  is 
soft  and  malleable,  but  it  is  more  readily  fusible,  since  it  fuses  at  a  tempera- 
ture of  from  1200°  C.  to  1400°  0.  (2192°  F.  to  2552°  F.);  its  colour 
likewise  varies  from  gray  to  grayish-white,  but  it  is  susceptible  of  an 
extremely  fine  polish,  and  acquires  thereby  a  high  lustre.  If,  however,  the 
red-hot  steel  be  suddenly  cooled  by  plunging  it  into  cold  water,  it  becomes 
entirely  dumped  in  its  nature,  being  then  extremely  brittle  and  anmalleable, 
and  harder  dan  any  other  substance,  with  the  exception  of  the  diamond 
and  crystallized  alumina.  It  scratches  glass  and  flint,  and  is  chiefly  employed 
in  the  fr^brication  of  instruments,  in  which  great  hardness  is  required,  such 
as  files,  needles,  &c. 

When  hardened  steel  is  heated  and  allowed  to  cool  slowly,  it  loses  its 
properties,  and  aoqoires  again  the  softness  and  tenacity  of  raw  steel.  The 
stronger  the  heat  employed,  the  more  completely  is  this  remarkable  change 
produced  ]  and  bv  employing  suitable  temperatures,  intermediate  qualities 
of  steel  may  be  obtained,  which,  in  addition  to  greater  hardness,  acquire  at 
the  same  time  considerable  flexibility ;  a  property  which  is  absolutely  indis- 
pensable for  most  of  the  purposes  for  which  it  is  employed,  and  particularly 
for  the  fabrication  of  cutting  instruments.  By  heating  or  annealing,  the 
polished  steel  changes  its  colour,  becoming  first  of  a  pak  yelbw,  then  dark 
yellow,  orange,  red,  dark  red,  violet,  blue,  and  finally  blackish-blue,  the 
darker  colours  being  produced  by  the  higher  temperatures.  These  changes 
of  colour  observed  in  steel  afibrd,  therefore,  an  excellent  means  of  judgioff 
of  the  temperature  to  which  it  must  be  exposed  when  the  steel  is  required 
for  certain  purposes.  This  series  of  colours  may  be  distinctly  seen  by 
holding  a  knitting-needle  in  the  edge  of  a  candle-fiame,  when  at  the  hottest 
part  the  needle  will  appear  of  a  black  colour,  passing  through  all  the  other 
tints  towards  the  cooler  extremity. 
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In  most  manu&otories  of  steel,  the  objects  are  first  formed  of  the  soft  nw 
steel,  then  hardened,  and  subsequently,  to  a  certain  extent,  annealed, 
according  to  the  purpose  for  which  they  are  required,  as  we  will  illustrate 
by  the  following  examples :  paU  ydhw  for  the  finest  knives ;  golden  ^Thw 
for  razors  and  pen-knives;  from  brown  to  purple^ed  for  scissors,  axes, 
chisels,  and  ordinarj  knives;  bright  blue  for  swords,  watch-springs,  and 
gimlets :  and,  finally,  dark  blue  for  the  blades  of  saws. 

Compounds  op  Iron. 

92.  In  general,  the  compounds  of  iron  which  are  soluble  in  water  possess 
a  peculiar  chalybeate  taste,  which  any  person  may  become  acquainted  with 
by  tasting  ink.  They  have,  moreover,  the  property  of  forming,a  dark-blue, 
or  violet  compound  (ink),  with  an  infusion  of  gall-nuts  or  of  oak  bark,  and 
with  all  substances  containing  tannic  acid.  In  most  of  its  compounds  iron 
possesses  medicinal  properties,  and  acta  especially  upon  the  blood. 

(1.)  Froioxide  of  iron  (FeO)  is  only  known  in  combination.  Its  hydrate 
(FeO,HO),  which  is  picepared  by  precipitating  a  solution  of  sulphate  of  iron, 
or  green  vitriol,  by  potassa,  is  white,  but  becomes  in  an  instant  green,  then 
yellow,  and  finally  brown,  passing  slowly  into  the  higher  oxide. 

(2.)  Sesguioxide  of  iraii  ( FcjOg)  occurs  frequently  as  a  mineral,  called 
red  iron-stone,  and  is  obtainea  as  a  residuary  prcduct  in  the  manufacture  of 
fuming  sulphuric  acid  (§  41).  When  pulverized,  it  appears  of  a  dark  brick- 
red  colour,  and  is  employed  in  polishing  plate,  &c.,  under  the  name  of 
English  rouge.  The  colour  of  red-ochre,  red-chalk,  and  red-sandstone,  is 
due  to  the  presence  of  this  compound.  The  hydrate  of  the  sesquioxide 
(Fe80s,3HO)  is  frequently  met  with  in  Nature  under  the  name  of  brown 
iron-stone.  It  varies  in  colour  from  yellow  to  brown,  and  imparts  to  loam, 
tripoli,  &o.,  their  peculiar  tints.  In  the  pure  state  it  is  prepared  by  precipi- 
tating a  solution  of  sesquichloride  of  iron  by  ammonia,  and  is  employed  in 
medicine  as  an  antidote  for  arsenic  (§  46).  It  constitutes,  moreover,  the 
rust  which  is  seen  on  iron  exposed  to  the  influence  of  moist  air. 

(3.)  Bisulphide  of  iron  (FeS2),  occurring  in  Nature,  and  commonly 
known  as  iron  pyrites,  is  crystalline,  and  exhibits  a  metallic  lustre,  and  brass- 
yellow  colour.  The  ordinary  black  sulphide  (FeS),  which  is  frequently 
employed  in  the  preparation  of  hydrosulphuric  acid  (§  43),  is  prepared  by 
gently  igniting  equal  parts  by  weight  of  sulphur  and  finely-divided  iron, 

(4.)  Chloride  of  iron  TFeCl)  is  formed  when  iron  is  dissolved  in  hydro- 
chloric acid.  It  is  deposited  from  a  concentrated  solution  in  the  form  of 
pale,  greenish-blue,  hydrated  crystals.  The  sesquichloride  of  iron  (FcjCl,) 
is  obtained  in  reddish-brown  hydrated  crystals  from  a  concentrated  solution 
of  iron  in  aqua  regia  (§  36),  and  is  extensively  employed  in  medicine. 

(5.)  Cyanide  of  iron  forms,  with  cyanide  of  potassium,  a  remarkable 
compound  (FeCy,2KCy),  known  under  the  name  of  pnissiaie  of  potash  or 
ferrocyanide  of  potasdnm.  It  is  produced  when  nitrogenous  carbon  (^  50) 
is  strongly  ignited  with  potassa,  and  the  mass  so  obtainea  subsequently  boiled 
with  metallic  iron.  The  concentrated  and  filtered  solution  deposits,  on 
cooling,  beautiful  yellow  crystals  of  ferrocyanide  of  potassium  of  the  above- 
mentioned  composition,  containing,  moreover,  three  equivalents  of  water  of 
crystallization.   A  solution  of  this  salt  produces,  with  the  soluble  compounds 
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4>f  protoxide  of  iroDi  a  pale-blue  precipitate,  which  in  a  short  time  acquires, 
bj  exposure  to  the  atmosphere,  a  beautiful  dark-blue  colour;  but  with  a 
solution  of  the  sesquiozide  of  fh>n,  it  immediately  forms  a  fine  dark-blue 
precipitate  of  Pnusian  Uue^  which  is  a  compound  of  cjanc^n  and  iron. 
The  inferior  and  paler  varieties  of  this  much-employed  pigment  are  prepared 
by  adding  to  the  blue  deposit,  whilst  still  moist,  a  portion  of  finely-levigated 
white  clay.  Although  thb  compound  contains  cyanogen,  it  nevertheless 
appears  to  produce  no  poisonous  effect  upon  the  animal  economy.  It  may 
be  remarked,  that  the  ferrocyanide  of  potassium  is  employed  in  the  prepa- 
ration of  hydrocyanic  add  and  most  of  the  other  cyanogen  compounds. 
(Compare  §  59.) 

98.  r6.)  Sulphate  of  protoxide  of  iron  (FeO,S03+7HO),  or  creen 
vitriol,  torms  beautiful  green  hydrated  crystals.  It  is  obtained  in  large 
quantities  by  the  oxidation  of  iron  pyrites,  and  is  one  of  the  cheapest  salts. 
The  most  important  purposes  to  which  it  is  applied  is  the  preparation  of 
Prussian  blue,  ink,  violet,  and  black  dyes,  fuming  sulphuric  acid,  and  most 
of  the  preparations  of  iron. 

(7.)  Carbonate  of  protoxide  of  iron  (FeO,COt)  is  obtained  by  precipi- 
tating a  solution  of  the  preceding  salt  with  carbonate  of  soda.  Its  colour  is 
first  white,  but  rapidly  changes  to  green  and  brown  from  the  absorption  of 
oxygen  and  partial  conversion  into  the  sesquioxide.  Although  insoluble  in 
water,  it  is  nevertheless  found  in  numerous  springs  which  contain  much 
earbonic  acid,  being  held  in  solution  by  this  gas :  the  waters  which  hold 
the  iron  in  solution  by  this  means  are  commonfy  termed  chalybeate  waters. 

22.  MANGANESE. 
Symbol:  Mn  =  27-6;  Specific  Gravity  «  8. 

94.  Manganese  is,  next  to  iron,  the  most  diffused  of  all  the  heavy  metals, 
although  it  is  only  rarely  met  with  in  considerable  quantities.  There  is 
scarcely  an  iron  ore  that  does  not  contain  manganese,  and  hence  the  iron  of 
commerce  almost  invariably  contains  a  portion  of  this  metal,  occasionally 
amounting  to  4  or  6  per  cent. 

The  metal  itself  is  extremely  difficult  to  prepare  in  a  state  of  purity,  and 
80  hard  to  fuse  that  it  at  present  has  received  no  useful  application.  Its 
most  important  compound  is  the  binoxide  of  manganese  (Mn02),  which 
yields  a  portion  of  its  oxygen  with  |;reat  facility,  and  is,  therefore,  exten- 
sively employed  as  a  means  of  oxidation,  and  for  the  preparation  of  oxygen 
(§  22).  it  is  used,  moreover,  in  the  arts  for  decolorizing  glass,  and  in  enor- 
mous quantities  for  preparing  chlorine  (§  85). 

Protoxide  of  mangam^ese  (MnO)  is  employed  for  imparting  a  violet  colour 
to  glass. 

When  the  binoxide  is  ignited  for  a  considerable  time  with  potassa,  and 
the  mass  subsequently  treated  with  water,  a  beautiful  green  solution  is  ob- 
tained, consisting  of  manganate  of  potassa  (K0,Mn09),  the  colour  of 
which,  on  farther  dilution  and  exposure  to  the  atmosphere,  changes  to  a 
beautiful  purple-red,  the  permanganate  of  potassa  (KO,Mn207)  being  then 
contained  in  the  liquid.  This  compound,  however,  likewise  slowly  decom- 
poses, and  the  solution  finally  becomes  colourless.     On  account  of  these 
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peculiar  oHanges  of  ooloor^  the  green  compound  has  received  the  name  of 
mineral  chameleon. 

28.  COBALT.  24.  NICKEL. 

Symbol:  Co=29'5;  Speo.  Grayity=8-7.     Symbol:  Fis=29.6;  Spec.  Gravity=8-8. 

95.  These  two  metals  occur  mosdy  together^  and  in  a  similar  state  of 
oombinationy  as  ores,  which  contain  besides  a  portion  of  stdf^ur  and  arseDic 
To  remove  these  latter  substances  the  ores  are  ignited  with  potassa  and  nitre, 
whereby  we  obtain  the  soluble  arseniate  and  sulphate  of  potassa,  whilst  the 
oxides  of  the  metals  remain  behind,  and  are  then  employed  for  the  prepa- 
ration of  their  respective  compounds.  Both  metals  are  hard,  brittle,  diffi- 
cultly fusible,  and  attracted  by  the  magnet. 

Oxide  o/cohak  produces,  with  silicic  acid,  a  deep-blue  vitreous  compound 
(§  77),  which  acquires  a  light-blue  colour  when  finelv  pulverized,  and  then 
lorms  the  pigment  known  as  smaUs.  The  salts  of  cobalt  possess  a  rose-red 
or  blue  colour^  and  it  may  be  remarked,  that  the  chloride  is  used  as  a  ^m- 
pathetic  ink.  If  paper  be  written  upon  with  a  solution  of  this  salt,  the 
writing  remains  invisible,  but  when  gently  warmed  it  appears  of  a  beautiful 
blue  colour.  If  to  the  cobalt  solution  a  few  drops  of  chloride  of  iron  be 
added,  the  writing  then  acquires  a  splendid  green  colour. 

The  most  important  application  of  nickel  is  in  the  preparation  of  the  alloy 
it  produces  with  zinc  and  copper,  which  is  called  German-silver  or  argentincL 
and  possesses  properties  closely  allied  to  those  of  silver.  The  salts  of  nickel 
have  a  beautiM  green  colour. 

26.  COPPER. 
Symbol:  Cu  =  81'7;  Specific  Gravity  =  8-9. 

96.  Copper  possesses  a  beautiful  red  colour,  and  is  very  tough  and  mal- 
leable ;  it  possesses  moderate  hardness,  and  requires  a  "verj  h^h  temperature 
for  fusion.  This  metal  is  frequently  met  with  in  the  native  state,  and  hence 
it  became  known  to  the  ancients  long  before  iron,  which  is  difficult  to  reduce 
to  the  metallic  form.  It  frequently  occurs,  moreover,  in  combination  with 
oxygen  or  sulphur. 

Sheet  copper,  as  well  known,  is  worked  into  a  sreat  variety  of  domestic 
utensils,  particularly  tearkettles,  sauce-pans,  stills,  £c. ;  and  it  possesses  the 
great  advantage  over  iron  that  it  is  little  (ifiected  by  exposure  to  the  atmo- 
sphere. With  other  metals  it  combines  to  produce  a  series  of  alloys,  which 
are  used  for  many  purposes.  The  most  important  of  these  alloys  are  the 
following :  1.  Brass,  which  consists  of  71  parts  of  copper  and  29  parts  of 
sine,  has  a  bright  yellow  colour,  and  is  commonly  employed  in  castiogs. 

2.  Bed  brass,  termed  abo  tomback  or  similor,  consists  of  85  parts  of  copper 
and  15  of  zinc.  When  beaten  into  thin  leaves  it  constitutes  the  spurioas 
leaf-gold,  the  powder  of  which  is  used  in  imitative  gilding  and  bronzing. 

3.  Bronze,  which  was  especially  used  in  antiquity  for  the  fabrication  oi 
utensils  and  works  of  art  of  every  kind,  consists  of  from  85  to  97  parts  of 
copper,  and  from  15  to  3  of  tin.  4.  Gun-metal  contains  90  copper  with  10 
tin.  5.  Bedmeial  is  75  to  80  parts  copper,  and  25  to  20  tin.  6.  Germanr 
silver,  or  argentine,  consists  of  2  copper,  1  nickel,  and  1  zinc.     7.  Coinage 
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mZew  waSLpUitej  and  likewise  coinage  gddy  inyariablj  coDtaio  a  small  quan- 
tity of  coppeTi  for  the  purpose  of  imparting  additional  hardness. 

Compounds  op  Copper. 

97.  The  compounds  of  oopper,  in  so  &r  as  ihej  are  soluble^  are  distin- 
ffoished  by  a  nauseating  metallic  taste^  which  is  evident  when  an  object  of 
fan80  or  copper  is  placed  in  contact  witii  the  tongue.  Taken  internally  they 
let  as  poisonsy  and  for  this  reason  the  vessels  of  oo]^r  are  now,  as  far  as 
praotioablei  abolished  in  domestic  economy.  But,  nevertheless,  cases  of 
pcisoning  by  Goppet  frequently  occur;  and,  as  a  remedial  means,  it  is  usual 
to  administer,  in  the  first  place,  an  emetic,  and  afterwards  copious  draughts 
of  sugared  water.  The  prevailing  colours  of  the  compounds  of  copper  are 
blue  and  green. 

(1.)  Protoxide  of  copper  (CuO)  is  formed  as  a  black  mass  when  metallic 
copper  is  ignited  in  the  atmosphere.  The  hydrate  of  this  oxide  (QuO,HO) 
is  obtained  in  the  form  of  a  beautiful  blue  precipitate  when  a  soluUon  of  sul- 
phate of  copper  is  decomposed  by  potassa ;  by  a  gentle  heat,  however,  it 
loses  its  water,  and  is  converted  into  the  black  prot^ide. 

(2.)  Sulphate  of  protoxide  of  copper  (CuOjSOg),  or  blue  vitariol,  with 
water  of  crystallization,  is  one  of  the  most  beautifal  salts,  and  is  obtained 
by  heating  metallic  copper  with  sulphuric  acid.  It  is  employed  for  making 
many  other  preparations  of  copper,  and  is  likewise  extensively  used  for  pro- 
teetinff  wheat  from  the  depredations  of  insects,  which  is  done  by  merely 
digesting  the  seed^som  in  a  solution  of  the  salt. 

(3.)  Carhonaie  of  protoxide  of  copper  (CuO,COa)  is  a  bluish-green  pre- 
dpitate,  which  is  formed  when  a  solution  of  Uie  preceding  salt  is  decom- 
posed by  carbonate  of  soda.  This  compound,  which  is  employed  as  a  colour, 
is  formed  particularly  when  copper  or  alloys  of  this  metal  are  alternately 
exposed  to  the  influence  of  water  and  air,  and  is  commonly  termed  verdigris, 

(4.)  Arteniie  of  protoxide  of  copper  is  the  main  ingredient  of  the  beau- 
tiful Schweinfurt  green,  which,  however,  on  account  of  its  poisonous  proper- 
ties, is  seldom  or  never  used. 

Of  the  acetate  of  protoxide  of  copper y  or  the  true  verdigris,  we  shall  again 
have  occasion  to  ep&tk. 

26.  BISMUTH. 

Bjmbol :  Bi  ae  218 ;  Spedfio  Gravity  a  9-8 ;  Fasing-pofait  a.  246o  G.  (474o-8  F.). 

98.  This  metal,  the  colour  of  which  is  reddish-white,  is  neither  of  fre- 
quent occurrence  nor  is  it  possessed  of  properties  of  any  particular  value. 
it  may,  however,  be  renmrked,  that  when  fused  and  allowed  slowly  to  cool, 
it  exhibits  a  remarkable  tendency  to  crystallize.  It  is  employed  as  a  con- 
stiturat  of  the  fusible  alloys  (see  Tin),  and  its  oxide  is  used  medicinally,  and 
as  a  white  paint 

27.  LEAD  (PLUMBUM). 

Symbol:  Pb  s  108*7:  Spedfio  Gravity  s  11-5 ;  Fosiiiff-point  s  822®  C. 
(6110-6  P.). 

99.  Lead  is  commonly  found  in  combination  with  sulphur  as  a  grayish- 
wUte,  lustrous  mineral  odled  galena.  When  this  ore  is  heated  in  tlie  atmo- 


270  CHEMISTRY. 

sphere,  or,  as  the  w(»rkmen  term  it,  roasted,  the  salphur  is  humed  with 
formation  of  sulphurous  acid,  whilst  the  lead  unites  with  oxygen  to  pro- 
duce the  oxide  from  which  the  metal  is  subsequently  prepared  by  fusion 
with  coal. 

This  ponderous  and  soft  metal,  which  admits  of  being  cut  with  a  koife^  is 
familiar  to  every  one ;  it  is  rolled  into  plates  and  drawn  out  into  tubes^  and 
is,  moreover,  used  for  many  kinds  of  casting,  amongst  which  balb  and  shot 
are  not  the  least  important.  It  is  likewise  a  constituent  of  many  alloys 
which  will  be  oonddered  under  tin. 

100.  The  compounds  of  lead  are  poisonous,  and  have  the  effect  of  pro- 
ducing violent  pains  in  the  bowels,  termed  lead-ooliCy  a^nst  which  the  sul- 
phuretted waters  are  frequently  employed.  Poisoning  by  lead  is  frequently 
occasioned  bv  the  use  of  imperfectly-burned  earthenware  (§  88),  and  tin 
vessels  containing  lead. 

(1.)  Frotoodds  of  lead  (PbO),  which  is  termed  also  litharge,  or  silver- 
lithargey  is  formed  when  lead  is  heated  in  the  atmosphere,  and  is  thns 
obtained  as  a  waste  product  in  the  separation  of  silver.  It  consbts  of  small 
shining  plates  of  yellowish-gray  colour,  and  is  employed  in  the  preparation 
of  other  compounds  of  lead,  particularly  of  glass  and  glazes  (§  75),  and  of 
varnishes  and  plasters.  A  mixture  of  the  protoxide  and  binoxide  of  lead 
forms  the  well-known  minium^  or  red-lead,  which  is  used  as  a  paint,  and  for 
the  same  purposes  as  the  protoxide. 

(2.)  Carbonate  o/  protoxide  of  lead  (PbO,COa),  or  whit^lead,  is  one 
of  the  most  important  colours,  and  is  most  simply  obtained  by  passing  a 
stream  of  carbonic  acid  into  a  solution  of  acetate  of  lead.  It  possesses  in  a 
high  degree  the  property  of  imparting  hodt/  to  colours,  and  hence  is  used  as 
the  basis  of  most  other  paints.  The  inferior  kinds  of  white  lead  are  largely 
adulterated  with  heavy-spar  (§  83).  The  genuine  white-lead  should  dissolve 
entirely  in  pure  dilute  nitric  acid. 

28.  TIN. 
Symbol:  Sn=s59;  Specific  Gravity  ss  7-3 ;  Fasmg-point  =s  228<>  C.  (4420'iF.) 

101.  Next  to  silver,  tin  is  the  most  beautiful  of  white  metris,  and  on 
account  of  its  lustre  and  stability  in  the  atmosphere,  is  employed  in  the 
fiibrication  of  many  utensils  for  the  table.  It  is  most  frequently  met  witli 
in  combination  with  oxygen,  forming  the  so-called  tin^ttone,  from  which  the 
pure  metal  is  obtained  by  fusion  with  coal.  Occasionally  tin  contains  arsenic^ 
or  it  is  intentionally  adulterated  with  lead,  and  hence  in  both  cases  it  is 
hi^y  dangerous. 

This  metal  is  employed  in  casting,  and  for  preparing  tin-foil  and  the  spu- 
rious leaf  silver.  It  is  likewise  extensively  used  for  protecting  sheet-iron 
from  the  oxidizing  influence  of  the  atmosphere.  The  sheets  of  iron  when 
thus  coated,  or  rather  alloyed  with  tin,  constitute  the  well-known  tin-plate 
which  is  a  highly  valuable  material,  and  is  empbyed  for  numberless  purposes. 
Copper  vessels  are  also  tinned,  and  may  then  be  employed  without  danger 
for  cooking  food,  as  the  tin  is  not  in  the  least  degree  affected  by  the  mate- 
rials used  in  cooking.  Some  of  the  tin-alloys  have  been  already  described 
under  copper;  of  the  others  the  most  important  are : — 

(1.)  The  solder  of  the  tinman,  which  consists  of  2  parts  of  tin  and  1  of 


ZINC— CHROMIUM.  271 

lead.  2.  I\tsible  alloy,  formed  of  8  parts  of  bismuth,  5  lead,  and  3  tin, 
/nses  at  100^  C.  (212°  F.),  and  that  which  consists  of  4  parts  bismnth,  1 
lead,  and  1  tin,  fuses  at  so  low  a  temperataro  as  94°  C.  (201°'2  F.) 

Of  the  compounds  of  tin  we  shall  describe : — 

(I.)  Protoxide  of  tin  (SnO),  which  is  formed  by  heating  the  metal  in 
contact  with  the  atmosphere,  and  is  principally  employed  in  the  preparation 
of  enamel  (§  77),  and  of  the  glaze  for  the  Fayence  porcelain  (§  88). 

(2.)  Protochloride  of  tin  (SnCl)  is  obtained  in  colourless  crystals  when 
metallic  tin  is  dissolved  in  hydrochloric  acid.  In  consequence  of  its  property 
of  heightening  many  colours,  it  has  received  an  important  use  in  the  printing 
of  cotton. 

^.)  Sulphide  of  tiny  which  is  prepared  by  gently  heating  for  some  time 
scrapings  of  tin  with  sulphur,  is  a  golden-yellow  compound  of  metallic  lustrCi 
and  is  employed  as  a  gold  paint  under  the  name  of  Mosaic  gold, 

29.  ZINC. 
(Symbol:  Zn  s=  82*6;  Specific  Gravity  =  6-8;  FosiDg-poiiit  ss  C.  758<>*6  F.) 

102.  Zinc  is  a  bluish-white  brittle  metal^  principally  obtained  from  a 
mineral,  known  under  the  name  of  calamincy  which  is  a  silicate  ofprotoocide 
of  zinc.  It  is  used  for  castings,  and,  when  rolled  into  sheets,  for  covering 
xoo6  and  many  other  purposes.  As  we  have  already  seen,  it  is  a  constituent 
oi  brass  and  of  German  silver ;  and  is,  moreover,  employed  by  the  chemist 
principally  for  preparing  hydrogen. 

The  compounds  of  zinc  when  taken  internally  act  as  poisons,  producing  a 
unseating  effiect  upon  the  stomach,  but  several  of  them,  and  especially  Uie 
white  protoxide  (ZnO)  and  the  sulphate  (ZnO^SOg),  which  is  also  termed 
irtiite  vitrol,  are  employed  with  great  benefit  in  many  diseases  of  the  eyes. 

80.  CHROMIUM. 
Symbol:  Cr-i26-7;  Specific  Gravity  —  5-9. 

103.  This  metal  is  less  generally  known  than  the  foregoing,  although  it  is 
one  of  the  most  interesting  with  which  we  are  acquainted.  Almost  all  its 
compounds  are  distinguished  by  a  beautiful  colour;  and  hence  it  has  derived 
its  name  from  the  Greek  word  XM*th  which  signifies  colour. 

It  is  found  chiefly  in  the  chrome  iron-stone,  which  consists  of  protoxide  of 
iron  and  sesquioxide  of  chromium  (CraOg).  By  igniting  the  pulverized 
mineral  with  potassa,  chromic  acid  (CrO,)  is  formed,  and  combines  with  the 
potassa  to  produce  the  chromate  of  potassa  (EO,CrOa),  which  is  a  yellow 
salt,  soluble  in  water,  and  is  employed  in  making  all  Uie  other  compounds 
of  chromium. 

The  metal  itself,  like  manganese  and  pure  iron,  is  extremely  difficult  to 
fiise ;  at  present  it  has  received  no  important  application.  We  shall,  there- 
fore, pass  at  once  to  the  consideration  of  its  compounds. 

(1.)  Sesquioxide  of  chromium  (OaOg)  is  obtained  in  the  form  of  a  beau- 
tifol  green  powder,  when  chromic  acid  is  reduced  by  gently  warming  a  solu- 
tion of  chromate  of  potassa  with  sulphide  of  potassium.  It  may  be  likewise 
prepared  by  a  variety  of  other  processes,  but  is  always  more  or  less  of  a  fine 
green  colour;  it  is  employed  as  a  pigment,  and  especially  in  the  paintmg  of 
glan  and  porcelain  (§  77). 
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(2.)  Se9quiMaride  of  chromium  (Cr,Cl^  is  a  crjstalliiie  eompamd  «o« 
ourriog  in  brilliant  peacb-ooloaxed  scales.  It  has,  however^  leoeived  no 
application. 

(8.)  The  double  salt  of  sulphate  of  sesquioxide  of  chromium  and  $u^phate 
o/pcias$a  (Cr^Os^SSO,  +  KO,SO,)  forms  beautiful  garnet-red  crystals.  It 
is  termed  chrom^erolum^  and  is  without  application. 

(4.)  On  the  other  hand;  the  chromate  of  lead  (PbO^OrO,),  in  its  varKras 
modifications,  is  much  employed  as  a  yellow  pigment,  and  is  obtained  on 
mixing  a  solution  of  a  lead-salt  with  chromate  of  potassa. 

(5.)  Amongst  the  numerous  other  combinations  of  this  metal,  wbieh  i^m 
space  will  not  allow  us  to  describe,  the  most  important  is,  perhaps,  ibe 
chromate  of  mercury,  which  is  distinguished  by  its  beautiful  ▼ermilioiM^d 
colour.  All  the  compounds  which  are  soluble  produce  a  poisonous  e&ot  upon 
the  animal  economy. 

81.  ANTIMONY  (STIBIUM.) 
Symbol :  8b  =  129 ;  Spedfio  GraTity  —  6-8 ;  Fnsing-pohit  s=»  426«  C.  (797*  P.). 

104.  We  observe  in  antimony  one  of  the  most  brittle  metals,  since  it 
admits  of  being  readily  pulverised.  It  has  a  bluish-white  colour  and  fine- 
grained fracture,  and  is  but  little  altered  on  exposure  to  the  atmosphere.  An 
alloy,  consisting  of  one  part  of  this  metal  and  four  of  lead,  is  used  in  ^rpc- 
founding. 

The  compounds  of  antimony  are  remarkable  fdr  their  medicinal  effects,  and 
therefore  rank  amongst  the  most  important  remedial  agents.  In  large  quan- 
tities they  induce  sickness,  and  sometimes  act  as  poisons,  but  in  small  doses 
their  effects  are  powerfully  sudorific.  The  most  important  of  these  com- 
pounds employed  in  medicine  are  the  tartrate  of  teroxide  of  antimony  and 
potassa,  which  is  termed  also  tartar-emeticy  and  the  tersulphide  (SbS,), 
which  occurs  native  as  a  bkck  crystalline  lustrous  mineral,  whilst  that  which 
is  artificially  prepared  forms  a  beautiful  orange^red  powder  (§  43).  Anti« 
mony  likewise  combines  with  more  oxygen,  producing  antimonious  acid 
(Sb04)  and  antimonic  acid  (SbO^). 

MEECURY  (HYDRARGYBUM). 
Symbol:  Hg  =  100;  Specific  Gravis  =  18-6 ;  Boiling-point »  860«  C.  (680«  F.). 

105.  With  this  metal  we  commence  the  series  of  the  noble  metals,  which 
remain  unaltered  by  exposure  to  the  atmosphere. 

Mercury  exhibits  the  remarkable  property  that,  whilst  it  is  one  of  the 
heaviest  bodies,  its  particles  adhere  so  slightly  together  that  it  remains  fluid 
at  the  ordinary  temperature  of  our  atmosphere.  Its  important  implication 
to  the  barometer  and  thermometer  has  been  already  alluded  to  in  the  section 
Physics. 

It  possesses,  moreover,  other  properties,  which  have  led  to  highly-importaot 
applications  of  this  metal;  amongst  these,  perhaps,  the  most  remarkable  is, 
its  power  of  overcoming  the  cohesion  of  the  particles  of,  and  dissolving  other 
metals,  producing  semi-fluid  compounds  termed  amalgams. 

Such  an  amal^un  of  tin  and  mercunr  is  employed  as  a  coating  for  the  glass 
used  for  mirrors.     The  amalgam  for  electrical  machines  consists  of  two  parts 
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of  merefajj  one  part  of  lit!,  and  one  of  rino.     Mercury  is  likewise  indis- 
pemsble  in  the  parting  of  gold  and  silver;  and  in  tlie  process  of  gilding. 

This  metal  is  found  either  native  or  in  combination  with  sulphur,  and  is 
prepared  from  the  latter  by  mixing  it  with  iron-filiuffs,  and  sabmitting  it  to 
disdllatbn.  It  i»  met  with  in  small  quantities  in  Rhenish  Bavaria  in  Oer- 
many,  but  the  chief  quantity  of  that  which  is  met  with  in  commerce  is  im- 
ported from  Spain,  Sooiii  America,  and  more  recently  it  has  been  imported 
from  China. 

106.  The  compounds  of  mercury  generally  are  powerful  poisons,  and  even 
the  vapours  of  the  metal  itself  are  highly  pernicious,  inducing,  in  the  first 
place,  a  copious  flow  of  saliva.  In  small  doses,  however,  several  of  these 
compounds  are  employed  as  remedies  which  produce  remarkable  effects  upon 
the  organism. 

(1.)  Protoxide  of  mercury  (HgO)  is  obtained  as  a  brilliant  bri<^*red 
powder,  by  igniting  the  nitrate.  It  is  chiefly  employed  in  preparing  oiygen, 
and  in  medicine  as  a  oonstitttent  of  eye-salves. 

(2.)  Chloride  of  mercury  (HgCl)  is  likewise  termed  corrotive  9td>limatef 
nnce  it  is  obtained  by  the  sublimation  (Physics,  §  129)  of  common  salt  with 
sulphate  oi  piotoinde  of  mercury.  It  is  one  of  the  strongest  ponons,  exerting 
its  deetmctive  power  both  upon  plants  and  animals.  Hence  its  solution  is 
employed  as  a  |»eventive  against  the  propagation  in  timber  of  a  peculiar 
ftmgus  known  as  dry-rot,  which  often  makes  enormous  ravages  in  wood- 
won.  This  process  is  named,  after  its  discoverer,  Kyanizing,  Sublimate 
is,  moieoTer,  em{doyed  as  an  external  remedy  for  ring-worm  and  other 
obstinate  diseases  of  the  skin. 

(3.)  Subehhride  of  mercury  (HgfCl),  or  calomd,  idiich  is  obtained  by 
subliming  a  mixture  of  the  chloride  and  metallic  mercury,  is  one  of  the 
most  frequently  employed  medicines,  acting  chiefly  as  a  purgative. 

(4.)  Sulphide  of  mercury ,  or  vermilion  (HgS). — We  have  already  several 
times  mentioned  this  compound,  which  is  known  also  by  the  name  of 
dtmabar.  Although  this  beautiful  crimson  colour  occurs  in  Nature  ready 
formed,  it  is,  nevertheless,  artificially  prepared  by  subliming  one  part  of 
sulphur  with  six  parts  of  mercury,  and  subsequently  triturating  the  mass 
obtained  to  an  impalpable  powder.  A  veiy  magnificent  kind  of  cinnabar  is 
prepared  by  the  Chinese.  < 

88.  WLVBR  (ARGENTUM). 
Sjmbol :  Ag  =«  106*1 ;  Specific  Qravity  s  10 ;  Furing  point  *  1000°  C.  (1882o  F.). 

107.  Silver,  although  it  b  not  the  most  costly,  is,  nevertheless,  one  of  the 
most  beantifol  metals,  and  the  bright  lustre  of  plate,  and  the  numberless 
objects  into  which  it  is  worked,  universally  excite  our  admiration;  it  is, 
moreover,  exceedingly  malleable  and  ductile,  and  admits  of  being  wrought 
into  the  most  beautiful  works  of  art,  and  drawn  out  into  thin  wires;  it  is 
also  the  best  known  conductor  of  heat  and  electricity. 

Silver  is  found  in  the  metallic  state,  and  frequently  alloyed  with  lead,  as 
io  the  argentiferous  galena.    From  this  ore  the  silver  is  prepared  by  roasting 
in  a  smelting  furnace,  whereby  the  lead  is  volatilized  in  the  form  of  oxide, 
whilst  the  pure  silver  remains  behind. 
18 
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lo  some  countries,  as  in  Saxony  and  South  Ameriea,  reoonrse  is  had  to 
another  process,  that  of  amalgamation,  which  depends  on  the  easy  solubility 
of  silver  and  other  metals  in  mercury.  The  ore,  after  being  reduced  to  a 
fine  powder,  is  mixed  with  common  salt,  and  roasted  at  a  low  red-heat| 
whereby  any  sulphide  of  silver  the  ore  may  contain  is  converted  into  chloride. 
The  mixture  is  then  placed,  with  some  water  and  iron  filings,  in  a  barrel 
which  revolves  round  its  own  axis,  and  the  whole  agitated  for  some  time, 
during  which  process  the  chloride  of  silver  becomes  reduced  to  the  metallio 
state.  A  portion  of  mercury  is  then  introduced,  and  the  agitation  continued. 
The  mercury  combines  with  the  silver,  and  the  amalgam  is  then  separated 
by  washing.  It  is  afterwards  pressed  in  woollen  bags  to  free  it  from  the 
greater  part  of  the  mercury,  and  then  heated,  when  the  last  trace  of  meroory 
volatilizes  and  leaves  ^e  silver  behind. 

108.  Nitrate  of  nlver  (AgO,NOs)  is  obtained  in  splendid  white  crystab 
when  metallic  silver  is  dissolved  in  nitric  acid.  It  acts  as  a  powerful  caustic, 
readily  destroving  the  animal  tissues,  and  is  extensively  employed  in  surgery, 
as  an  external  remedy,  under  the  name  of  lunar  caustic.  When  in  contact 
with  soluble  organic  substances  it  communicates  to  them,  after  a  short  time, 
a  black  colour,  which  is  due  to  the  reduction  of  a  portion  of  the  silver; 
hence  it  is  employed  as  the  basia  of  the  indelible  inks  used  for  marking 
white  linen. 

Chloride  of  nlver  (AgCl).  When  to  a  8oluti<m  of  silver  is  added 
chlorine,  or  any  dblorinat^  compound,  we  obtain  this  compound  as  a  white 
precipitate,  which,  on  exposure  to  the  light  of  the  sun,  speedily  acquires  a 
violet  colour,  which  finally  passes  to  black.  The  iodide  of  nlver  is  even 
more  rapidly  altered  by  light ;  to  this,  however,  we  shall  again  have  to  return. 


84.  GOLD  (AURUM). 
Symbol :  Au  a  197 ;  Specific  Gravity  » 19-6 ;  Fmtiimg  point » 1200o  G.  (2192'>  F.). 

109.  Qoli  is  the  most  beautiful  of  all  the  metals,  and  by  the  ancients  was 
termed  the  sun,  or  the  king  of  metals.  It  appears  to  be  pretty  generally 
diffused  in  Nature,  but  never  occurs  in  large  masses,  and  hence  it  is  also  of 
higher  value  than  anv  of  the  other  metals.  It  is  most  freouently  found  in 
South  America,  Cidifomia,  Australia,  East  Indies,  Aifrica,  Hungary,  and  in 
the  Ural  Mountains.  In  general  it  is  met  with  in  the  metallic  state,  partlv 
in  large  fragments,  but  more  frequently  disseminated  in  small  grains  throngn 
various  rocks.  From  the  disintegration  of  these  rocks  is  denved  the  gold- 
sands  of  many  rivers,  and  from  which  the  gold,  on  account  of  its  high 
specific  gravity,  is  readily  separated  by  washing.  But  from  poor  ores  it  is 
generally  obtained  by  amalgamation  with  mercury,  which  dissolves  ^e  gold, 
and  which  is  afterwfurds  separated  by  distillation,  when  the  mercury  is  voU- 
tilized,  and  the  pure  gold  remains  behind. 

The- most  remarkable  property  of  gold  ia^its  extreme  ductility.  A  single 
ffrain  may  be  drawn  into  a  wire  500  feet  in  length.  It  allows  of  being  beaten 
into  leaves  which  scarcely  exceed  ^aji^jfjf  of  an  inch  in  thickness.  It  is, 
therefore,  employed  for  gilding  a  great  variety  of  objects,  the  process  beiog 
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eSeeted  either  by  coating  them  with  the  leaf-gold,  as  in  the  case  of  picture- 
frames,  or  by  painting  the  metallic  objects  with  a  solation  of  gold  in  mercury, 
and  subsequently  exposing  them  to  a  high  temperature  whereby  the  mercury 
is  Tolatilized.  Objects  of  art  are  also  frequently  coated  with  gold  by  the 
electrotype  process  (§  113). 

With  regard  to  the  chemical  properties  of  gold,  it  may  be  remarked  that 
it  is  attacked  by  none  of  the  individual  acids;  it  is,  however,  dissolved  by 
free  chlorine.  To  obtain  this  metal  in  solution  it  is  usual  to  employ  a 
mixture  of  nitric  and  hydrochloric  acids  (§  36),  which  is  known  under  the 
name  of  a^[ua  regia. 

This  metal  bein|;  pretty  soft  and  very  eoetly,  is  never  employed  in  the 
pure  state.  For  corns  and  objects  of  art  it  is  usually  alloyed  with  silver  or 
oopper,  which  impart  to  it  considerable  hardness. 


86.  PLATINUM. 
Symbol:  Pt«=98'7;  Specific  Gravity  =  21. 

110.  This  metal  has  been  known  only  since  the  discovery  of  America, 
the  greater  part  occurring  in  commerce  was  exclusively  imported  from  the 
Southern  portions  of  this  Continent,  until  within  the  present  century  it  was 
found  in  the  Ural  Mountains.  It  is  invariably  met  with  in  the  metallic 
state  of  a  whitish-gray  colour;  it  is,  moreover,  pretty  soft  and  highly  ductile, 
and,  like  gold,  is  only  attacked  by  fr'ee  chlorine,  which  in  the  form  of  aqua 
regia  rea<nly  dissolves  it.  It  is  distinguished  from  gold  by  being  infusible 
m  the  strongest  fires,  a  property  which  renders  it  a  highly*muable  material 
m  the  fabrication  of  many  chemical  vessels,  such  as  crucibles,  dishes,  &c. 
As  we  have  already  seen  ('§  41),  the  stills  employed  in  the  rectification  of 
sulphuric  acid  are  made  ot  this  metal,  and  sometimes  cost  from  one  to  two 
thousand  pounds.  In  Russia,  platinum  is  coined  into  money;  but  the  infu- 
nlnlity  of  this  metal  renders  it  extremely  difficult  to  work. 

In  the  finely-divided  state  it  forms  a  gray  and  very  porous  mass,  which  is 
known  as  fpongy  'platinum,  and  possesses  the  remarkable  property  of  con- 
densing gases  within  its  pores.  Hence,  when  a  jet  of 
hydrogen  is  durected  upon  a  piece  of  spongy  platinum,  the 
heat  caused  by  its  condensation  suffices  to  inflame  the  gas. 
This  singular  power  has  been  applied  to  the  construction 
of  a  very  Deautiful  apparatus,  known  as  Dobereiner's  lamp 
(%g.  40),  which  consists  of  a  glass  jar  a,  covered  by  a  brass 
bd  e,  which  is  furnished  with  a  suitable  stop-cock  c,  and 
in  connection  with  a  small  bell-jar/,  in  which  is  suspended, 
by  means  of  a  wire,  a  cylinder  of  metallic  zinc  z.  When 
required  for  use,  the  outer  jar  is  two-thirds  filled  with  a 
mixture  of  one  part  sulphuric  acid  and  four  parts  of  water, 
and  the  st(^)-cock  opened  to  allow  the  escape  of  atmo- 
spheric air,  the  spongy  platinum  contained  in  the  small 
brass  cylinder  d  being  covered  by  a  piece  of  paper.  The 
8top-a)ck  is  then  closed,  and  the  bell-jar /allowed  to  fill  with  hydrogen,  and 
after  it  has  been  filled  and  emptied  several  times,  the  paper  is  removed  from 
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the  platinam  and  the  cock  is  again  opened,  when  Hie  gaS;  which  escapes 
first^  makes  the  metal  red-hot,  and  finally  inflames. 


n.  Peculiar  Decompositions  op  Simple  Chemical  Groups. 
/  (1.)  decomposition  by  electricity. 

111.  When  an  electrical  cnirent  (Phys.  §  186)  is  passed  throngfa  a  Hqm'd 
chemical  compound,  a  decomposition  is  found  to  take  place,  if  the  stream  is 
sufficiently  powerful,  and  providing  the  two  electrodes  are  not  placed  too  hs 
from  each  (^li^.  In  decompositions  of  this  nature  we  ofoseire  the  pecu- 
liarity that  one  constituent  of  the  compound  is  evolved  at  thejpa«tet9e|>o&, 
whilst  the  other  appears  at  the  negative 'poU,  Hence  the  former  is  termed 
the  deciTo-negativCy  and  the  latter  the  electro-pasiHve  of  the  compound. 

If  the  electrodes  are  constructed  of  a  metal  possessing  the  property  of 
combining  with  the  evolved  bodies,  we  observe  that  such  an  union  takes 
place,  as  when  the  wires  are  made  of  copper  and  an  oxygen  compound  is 
decomposed,  the  oxygen  unites  with  the  copper  to  form  the  protoxide  of  this 
metal.  -Hence  the  conducting  wires  are  generally  made  of  platinum,  a  metal 
which  is  affected  only  by  a  few  bodies. 

In  the  decomposition  of  salts,  the  acid  makes  its  appearance  at  the  -f  pole 
and  the  base  at  the  —  pole.  If,  therefore,  a  solution  of  sulphate  of  soda 
(NaOjSOs)  coloured  blue  by  a  little  infusion  of  violets  or 
blue  cabbage,  is  introduced  into  the  Y  tube,  fig.  41,  and  a 
stream  of  electricity  is  passed  into  it  by  the  two  wires  c,  z, 
the  sulphuric  acid  is  liberated  at  the  +  pole,  and  colours 
the  liquid  in  that  branch  of  the  tube  red,  whilst  in  the  other 
branch  the  liquid  is  coloured  green  by  the  soda,  which  is  set 
free  at  the  —  pole.  As  soon  as  the  current  is  interrupted, 
the  acid  again  combines  with  the  base,  and  the  liquid  thus 
rendered  neutral  regains  its  blue  colour  (comp.  §  17). 

If  the  two  inverted  tubes,  fig.  42,  be  filled  with  water,  and 
a  powerful  current  of  electricity  parsed  through  them,  the* 
water  is  decomposed,  and  we  obtain  in  the  one  tube  oxygen,  and  in  the 
other  a  double  volume  of  hydrogen  (§  28). 

112.  With  regard  to  the  elements  already  known  to  us,  it 
may  be  remarked,  that  under  all  circumstances  oxygen  is  elim- 
inated at  the  +  pole,  and  potassium  at  the  —  pole.  The  other 
simple  bodies,  however,  sometimes  appear  at  the  one  pole,  and 
sometimes  at  the  other. 

In  the  following  electrical  series,  the  elements  are  so  a^ 
ranged  that  each  substance  deports  itself  electro-negatively  to- 
wards those  which  follow,  and  electro-positively  to  those  which 
precede  it.  As,  for  example,  chlorine,  when  in  combinatioa 
with  oxygen,  is  evolved  at  the  —  pole,  and  from  its  compound 
with  hydrogen,  at  the  +  pole.  Those  elements,  which  in  this 
series  are  placed  farthest  apart,  have  stronger  opposite  affinities  than  those 
which  are  nearer  to  each  other. 
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Electrical  Series  of  the  Elements. 
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Oxyg«ii, 

Carbon, 

Copper, 

Aluminum, 

Snlphnr, 

Cbromium, 

Bismuth, 

Magnesium, 

Nitrogen, 

Boron, 

Lead. 

Calcium, 

Chlorine, 

Antimony, 

Cobalt, 

Strontium, 

Bromine, 

Siliclnm, 

Nickel, 

Barium, 

Iodine, 

Gold, 

Iron, 

Sodium, 

Fliunine, 

Platinum, 

Zinc, 

-f- Potassium. 

Phospliom, 

Mercuxy, 

Hydrogen,. 

Arsenic, 

Silver, 

Manganese, 

The  impcMrtsDoe  of  these  fiicts  to  soieQee  is  unmistakeable,  and,  indeed, 
vwayjMBmptB  have  been  made  to  explain,  from  the  eleotrioal  condition  of 
the  elementBy  the  nature  of  ehemieal  affinity,  and  of  ehemioal  phenomena  in 
generaL 

The  Electrotype  Process. 

113.  This  is  one  of  the  most  beautifal  applioations  of  decomposition  by 
the  electric  stream.  A  solution  of  a  metallic  oxide,  snch  as  sulphate  of  pro^ 
toxide  of  coppery  when  submitted  to  the  influence  of  the  electric  current  is 
deeomposed,  the  oxygen  being  separated  at  the  positive,  and  the  copper  at 
the  negative,  pole.  But  as  metsJs  do  not  readily  combine  with  each  other, 
the  copper  in  this  instance  forms  a  coating  upon  Uie  surfeu^  of  the  electrode. 
It  is,  however,  perfectly  indifferent  what  form  we  give  to  the  pole,  so  that 
it  may  terminate  either  in  a  wire,  a  ball,  or  a  plate  with  a  plane  or  a  partly 
convex  and  concave  surface ;  the  coating  of  copper  thus  deposited  by  the 
electric  current  necessarily  assumes  the  form  of  the  corresponding  pole.  By 
this  process,  then,  the  most  accurate  casts  of  medals,  engraved  copper  plates, 
Ac,  may  be  prepared. 

CHJding  and  nlvering  by  the  galvanic  process  depend  upon  the  same 
priociples.  But  in  this  case  a  solution  of  gold  or  silver  is  introdnoed  into 
the  liquid,  and  the  object  to  be  gilt  forms  itself  the  negative  pole  on  which 
the  liberated  noble  metal  becomes  deposited.      ^^  -^ 

2.  DECOMPOSITION  BY  LIGHT. 

114.  In  addition  to  its  luminous  properties,  the  liffht  of  the  sun  manifests 
an  important  influence,  especially  upon  chemical  affimty  and  the  vital  power. 
We  have  already  seen  r§  22)  that  the  leaves  of  plants  evolve  oxygen  only 
when  exposed  to  the  solar  rays ;  and  that  chlorine  and  hydrogen  (§  36)  do 
not  combine  unless  subjected  to  the  same  influence.  In  the  section  Physics 
(§  88)  we  have  defined  light  as  the  vibration  of  sether;  and  we  perceive 
therein  a  certain  means  of  excitine  the  activity  of  material  particles,  of 
which,  however,  we  cannot  form  a  clear  conception,  nor  can  we  prove  it  by 
experimental  evidence. 

Daguerreotype  Process. 

The  beantifnl  daguerreotype  portraits,  or  photographic  pictures,  which  are 
(toined  by  the  decomposition  of  chemical  compounds  by  solar  light,  have 
of  late  acquired  considerable  celebrity.  The  process  may  be  explained  as 
ibllows: — 

Iodide  ofnlver  is  a  compound  which  is  highly  snsoepdble  of  the  influence 
of  light  For  daguerreotype  experiments  it  b  most  conveniently  obtained 
by  exposing  a  polbhed  plate  of  silver  to  the  vapour  of  iodine  until  it  be- 


278 


OHBHISTRY. 


oomes  ooY^ied  witk  a  pale  yellow  film  of  iodide  of  nlver.  As  is  well  kaoWn 
(Phys.  §  143),  the  lighter-coloured  bodies,  or  lighter  parts  of  bodies,  reflect 
more  light-rays  than  darker  substances.  If,  therefore,  the  iodized  silver- 
plate  be  introduced  into  a  camera  obscure,  and  the  image  of  an  object  pro- 
duced by  a  compound  lens  be  allowed  to  fidl  upon  it,  the  iodine  will  be  sepa- 
rated from  the  silver  on  those  parts  of  the  plate  upon  which  the  light-rays 
from  the  ol)jeot  fall.  This  decomposition  is  effected  more  rapidly  and  com- 
pletely upon  those  parts  where  most  light  fiiUs.  In  a  few  seconds  this 
decomposition  is  completed ;  it  is  not)  however,  sufficient  to  produce  a  dis- 
tinct picture.  The  plate,  therefore,  is  afterwards  exposed  to  the  vapoura  of 
mercury,  which  amalgamate  with  those  parts  of  the  surface  which  are  freed 
from  iodine,  and  thus  the  picture  is  developed.  The  plate  is  then  immersed 
in  a  saline  solution,  which  removes  the  excess  of  iodide  of  silver,  and  thus 
prevents  any  further  action  of  the  light  upon  the  plate.  Daguerreotype 
pictures  consist  of  a  dark  ground,  upon  which,  in  certain  places,  minute 
bright  globules  of  mercury  are  deposited.  The  picture,  however,  in  this 
state  may  be  readily  rubbed  out,  and  in  order  to  protect  it  from  injury,  it  is 
coated  by  the  galvanic  process  with  an  exceedingly  thin  film  of  gold,  and 
afterwards  put  m  a  frame  and  glass. 

The  discovery  of  this  process,  which  gives  pictures  of  wonderful  fidelity, 
was  made  in  Pans  in  1839,  by  Daguerre,  who  received  from  the  French 
nation  a  handsome  recompense  for  his  labours. 

(B.)  COMBINATIONS  OF  THE  COMPOUND  GROUPS. 

(OROANIO  GHEmSTRT.) 

115.  As  we  have  abeady  shown  at  §  13,  the  compounds  now  to  be  cod« 
sidered  differ  very  materially  from  those  hitherto  described.  This  becomes 
at  once  evident  'by  a  comparison  of  the  individual  formulse  which  the  simple 
and  compound  groups  of  chemical  compounds  present  to  us. 


SIMPLE  GROUPS. 

Water s 

Carbonic  Acid ^ 

Formula. 

HO 
CO, 
SO, 

NaO,  So, 

Sulphuric  Acid....... ss 

Sulphate  of  Soda s= 
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Acetio  Add  (Aiihydroiis), 


Spirit  of  Wine . 


Sogar  (Anhydrous)  • 


FormulaB. 


CAO, 


C.H,0, 


®M«p:if^ 


From  this  it  will  be  seen  that  a  water-equivalent  is  a  group  of  two  indi- 
^oal  particles,  an  equivalent  of  sulphuric  acid  of  four,  and  that  an  equiva- 
lent of  sulphate  of  soda  consists  of  six  particles.  On  the  other  hand,  an 
equivalent  of  acetic  acid  is  formed  of  ten  individual  particles,  an  equivdent 
of  sugar  of  sixteen,  and  many  other  substances  occur  which  are  composed 
of  even  a  still  larger  number  of  particles. 

It  would  be  impossible  for  us  here  to  elucidate  the  reasons  which  have  led 
chemists  to  the  conviction  that  these  compounds  actually  consist  of  such  com- 
plex groups  of  simple  particles.  It  will  suffice  to  mention  that  all  past  expe- 
rience leads  to  such  a  conviction. 

116.  In  reference  to  the  compounds  of  these  complex  groups,  we  have 
arrived  at  the  following  ^neral  facts : — 

(1.)  The  elements  which  combine  together  to  produce  these  compounds 
are  —  carbon,  hydrogen,  oxygen^  nitrogetiy  sulphur,  and  phosphorus.  Some 
compound  bodies  consist  of  two  -of  these  elements,  namely,  of  carbon  and 
hydrogen,  bat  the  greater  number  contains  three  —  carbon,  hydrogen,  and 
oxygen;  a  large  number  consists  of  four — carbon,  hydrogen,  oxygen,  and 
nitrogen ;  and  only  a  few  contain  five  or  six,  including,  with  the  last-men- 
tioned elements,  sulphur  and  phosphorus.  Many  organic  compounds,  which 
are  however  comparatively  of  less  importance,  contain,  in  addition  to  the 
abov^-mentioned  elements,  chlorine,  bromine,  iodine,  arsenic,  antimony,  &c. ; 
hence  we  may  assume  that  every  element  may  occur  as  a  constituent  of 
organic  compounds.  It  will  be  remarked  that  carbon  is  an  invariable  con- 
stituent of  all  these  combinations. 

(2.)  The  great  multiplicity  of  these  combinations  arises  from  the  fact  that, 
generally  several  equivalents  of  each  of  these  simple  bodies  unite  together,  as 
nas  already  been  shown  in  the  case  of  i^cetic  acid,  spirit  of  wine,  and  sugar. 
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(8.)  It  ifl  diffionk  and  in  most  oases  impossible  to  unite  such  a  great 
numl)er  of  equivalents  of  simple  bodies  by  merely  bringing  them  into  ooii* 
tact  In  the  vegetable  and  animal  organisms^  however,  the  elements  are,  bj 
the  co-operation  of  several  forces,  placed  in  such  favourable  circumstanees, 
that  they  combine  to  produce  an  extensive  series  of  chemical  compounds, 
which  are  called,  in  reference  to  their  origin^  organic  compounds, 

(4.)  Under  the  influence  of  a  varkty  of  causes,  such  as  heat,  Hgfat,  eiefr 
trioity,  chemical  affinity,  and  frisquently  even  mechanical  action,  the  organic 
combinations  are  destroyed  and  separated  into  more  simple  compounds.  Thus^ 
for  instance,  anhydrous  grape-sugar  (GeHeO«)  is  eaoly  split  into  aloofad, 
(C^HjO,),  and  carbonic  acid  ^2C0a).  The  property  of  passing  through 
entire  series  of  metamorphoses  is  charac^ristic  of  organic  compounds. 

(5.)  In  almost  every  complex  organic  combination,  we  are  able  to  prove 
the  existence  of  a  more  simple  compound  of  greater  stability,  which  is  gene- 
rally termed  the  radical  of  the  combination.  The  nature  of  these  radicals 
will  be  subsequently  described. 

r6.)  Finally,  if  we  carefully  consider  the  simple  substances,  detailed  in 
(1.),  which  enter  into  the  composition  of  organized  bodies,  we  cannot  over- 
look the  &ct  that  with  oxygen  they  may  all  form  gaseous  combinations.  If, 
therefore,  an  organic  body  be  ignited  with  access  of  air,  it  b  comfietdy 
consumed^  and  generally  after  it  has  been  converted  into  a  black  carbona- 
ceous mass.  This  property  of  blackening,  which  is  due  to  the  presence  of 
carbon,  is  a  sure  characteristic  of  an  organic  compound. 

(7.)  Those  organic  bodies  which  consist  only  of  carbon,  oxygen,  and  hy- 
drogen, are  easily  distinguished  from  those  which  contain  also  nitrogen  or 
nitrogen  and  sulphur.  The  presence  of  these  two  latter  constitoents  may  be 
recognised  in  the  spontaneous  decomposition  or  dry  distillation  of  tbeorgame 
bodies,  by  the  offensive  odour  of  the  products  evolved.  These  products  con- 
sist chiefly  of  ammonia  and  hydrosulphuric  acid.  Hence  any  nitiogenoas 
substance  may  be  detected  by  burning  it ;  it  then  disengages  vapours  which 
have  the  odour  of  burnt  hair  or  feathers;  or  the  substuioe  under  examifiSr 
tion  may  be  heated  with  hydrate  of  lime,  when,  if  nitrogen  be  present,  a 
distinct  odour  of  ammonia  will  be  evolved. 

I.  Compound, Badioalb  and  theie  CoMBiNATiONa. 

117.  By  the  reaction  of  several  substances  upon  alcohol  we  are  enabled  to 
obtain  an  entire  series  of  combinations,  which,  in  reference  to  their  compo- 
sition, stand  in  a  remarkable  relation  to  each  other,  as  well  as  to  the  alcohol 
from  which  they  are  derived.  We  must  here  confine  ourselves  to  the  names 
and  formulas  oi  these  substances,  the  greater  number  of  which  possess  merely 
a  scientific  interest;  only  a  few  of  them  being  employed  in  medicine. 

Name.  Oompodtion. 

Alcohol C4  H5O,  HO 

Ether C.  H,  0 

Chloride  of  Ethyl C4  Hg  CI 

Bromide  of  Ethyl C.  H.  Br 

Iodide  of  Ethyl C4  H^  I 

Sulphide  of  Ethyl C4  H,  S 

Carbonate  of  Ethyl C4  H^  0,  COg 

Oxalate  of  Ethyl C.  H,  0,  C-O. 

Nitrite  of  Ethyl C4  H5  0,  NO, 
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It  will  be  observed,  that  in  this  aeries,  the  number  of  eqtnralents  of  carbon 
and  hydrosen  is  the  same  in  all  these  combinations,  with  the  exception  of 
the  aieohol  itself.  This  leads  to  the  assumption  that,  in  all  the  above-men- 
tioned  sabstanees,  there  exists  a  combination,  C4H5,  which  presents,  in  its 
dfcePMoal  behavioar,  the  greatest  similaritj  to  a  simple  body.  This  com- 
pound has,  therefore,  been  considered  as  the  radical  of  the  series,  and  is 
totted  e^ly  for  which  the  symbol  Ae  has  been  adopted. 

Let  OB  once  more  examine  this  series  and  notice  how  it  presents  itself  after 
the  intrediiefcion  of  Ae  instead  of  C4H5.  To  assist  the  comparison  we  will 
vnte,  MX  juztapositioB,  a  corresponding  series  of  the  combinations  of  a  simple 
body:— 


C,H,  = 

s  Ae   a  Ethyl 

'  K             =  Potassium 

Ae*  H 

1-  0    =  Oxide  of  Ethyl  (Ether) 

1  K  +  0  =  Oxide  of  Potassium  (Potassa) 

Ae      i 

-  CI   »  GUaride  of  Ethyl 

1  K  H-  CI   =s  Chloride  of  Potassium 

Ae      -1 

-I     =  Iodide  of  Ethyl 

:  K  H-  I    =  Iodide  of  Potasaum 

Ae      - 

-  Br  =  Bromide  of  Ethyl 

E  -j-  Br  =  Bromide  of  Potassium 

Ae      - 

-  S     =  Sulphide  of  Ethyl 

-  HO  =  flydrate  of   Oxide  of 

K  -1-  S    =  Sulphide  of  Potassium 

AeO  - 

KO-f  HO  =  Hydrate  of  Oxide  of  Potas- 

Bthyl (Alcohol) 

sium  (Causlie  Potassa) 

A«0  H 

h  GO,  =  Carbonate  of  Ethyl 

KO-f.  CO,  =  Carboaate  of  Potassa 

AeO  - 

-  C,0.  =  Oxalate,  of  Ethyl 

-  NO,  =  Nitrite  of  Ethyl 

K04C,0,=  OxaUU  of  Potassa 

AeO  - 

KO+NO,  =  Nitrite  of  Potassa 

The  opinion  that  this  series  of  combinations  is  produced  by  other  simple 
and  oompomid  bodies  oombiniog  with  the  componnd  organic  radical  ethyl, 
has  been  strengthened  by  the  £em^  that  also  in  acetic  acid,  benzoic  acid, 
fiannic  acid,  fueel-oil,  and  several  other  organic  combinations,  we  have  proved 
the  existence  of  soch  radicals  which  give  rise  to  series  of  oomlnaations  per* 
feetly  analogous  to  those  of  the  radical  above  mentioned. 

Although  it  is  the  object  of  many  chemical  investigations  made  at  the 
present  dav  to  discover  in  all  organie  oembinatioos  the  corresponding  radi- 
cals, still  were  are  many  organic  substanees  of  great  importance,  the  radicals 
of  which  have  not  vet  been  discovered. 

We  can  here  only  allude  to  these  remarkable  relations.  In  the  following 
pages  we  shall,  without  regard  to  theoretical  opinions,  classify  the  organic 
combinations,  according  to  their  general  chemical  properties,  into  adds, 
bases,  and  indifferefU  bodies. 


(L)  ACIDS. 

118.  The  organic  acids  are  mostly  contained  in  the  sap  or  in  particular 
parts  of  plants,  and  especially  in  fruits.  Without  being  corrosive,  they  have 
a  pure  acid  taste,  and  none,  with  the  exception  of  oxalic  acid,  exerts  a  poi- 
sonous influence  on  the  animal  economy.  All  these  acids  possess  a  feebler 
affinity  than  sulphuric  acid,  and  are,  therefore,  separated  by  this  acid  from 
the  bases  with  which  they  may  be  combined.  They  are  either  volatile  or 
non-volatile,  and  are  usually  prepared  by  saturating  the  liquids  containing 
them  with  Ume,  evaporating  the  solution  of  die  lime-salt  thus  obtained  to 
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dryness,  and  sabseqaently  deoomposing  it  by  snlphnrio  acid,  ^en  iiie 
organio  acid  which  is  thus  liberated  is  either  distilled  off  or  separated  bj 
filtration. 

Another  common  mode  of  preparing  the  non-volatile  acids  is  to  combine 
the  acid  with  protoxide  of  lead,  and  to  decompose  an  aqneous  solation  of  the 
lead-salt  by  hydrosnlphuric  acid.  In  this  manner  we  obtain  an  insokible 
precipitate  of  black  sulphide  of  lead,  whilst  the  acid  is  held  in  solation  in 
the  water,  and  is  obtained  by  filtration  in  a  state  of  parity.  Of  the  large 
number  of  organic  acids,  we  shall  describe  only  the  moat  important — namely, 
acetiC;  tartaric,  citric,  malic,  oxalic,  tannic,  formic,  lactic,  and  the  fiatty  atads. 

1.  ACETIC  ACID. 
Formula  &=  C4  H,  0, ;  Symbol  &s  X 

119.  Only  a  limited  number  of  vegetable  juices  in  their  nataral  condition 
contain  acetic  add ;  it  is,  however,  readily  formed  when  spirit  of  wine,  or 
vegetable  juices  capable  of  undergoing  alcoholic  fermentation,  is  exposed. 
Under  certain  circumstances,  to  the  influence  of  the  atmosphere,  or  when 
vegetable  matter,  especially  wood,  is  submitted  to  dry  distillation.  Both 
tiieee  processes  will  be  more  minutely  described  fiurther  our 

The  purest  and  most  concentrated  acetic  add  forms  at  6^  C.  (41^  F.) 
beautiful  transparent  crystals,  which,  however,  liquefy  at  a  temperature  of 
16®  C.  (60-8**  F.).  When  dissolved  in  a  large  quantity  of  water,  they  have 
an  agreeable  refreshing  odour  and  taste,  and  hence  are  frequently  used  at 
table  as  vinegar.  Of  tiie  salts  of  this  add  we  shall  mention  only  the  fol- 
lowing :  —  ^ 

Acetate  0/  protoonde  of  lead  (PbO,A).  This  salt  is  obtained  by  dissolv- 
ing oxide  of  lead  in  strong  vinegar,  and  crystallizing  the  salt  which  is  thus 
formed.  It  has  a  sweetish  taste,  and  is  therefore  termed  sugar  of  lead. 
The  solubility  of  this  salt  in  water  renders  it  peculiarly  adapted  to  the  pre- 
paration of  most  of  the  other  compounds  of  lead,  such  as  the  chrome-yellow 
and  white-]ead  (§  99),  and,  therefore,  to  the  purposes  of  dyeing.  A  solu- 
tion of  sugar  of  lead  is  employed  in  medicine  as  an  external  remedy,  under 
the  name  of  Goulard's  Extract,  and  when  more  dilated  it  forms  the  well- 
known  Goulard's  water.  An  addition  of  sugar  of  lead  promotes,  in  a  high 
degree,  the  drying  of  oil-colours.  Acetate  of  lead  is,  moreover,  a  powerSil 
poison. 

Acetate  of  copper  (20uO,A),  commonly  called  verdigris,  is  produced  by 
placing  sheets  of  copper  in  contact  with  acetic  add.  It  has  a  bluish-green 
colour  and  is  likewise  poisonous. 

Acetate  of  potassa  and  acetate  of  ammonia  are  very  fi:«quenUy  employed 
in  medidne,  particularly  for  promoting  the  healthy  functions  of  the  skin. 

2.  TARTARIC  ACID. 
Formula  =  Cg  H4  0,© ;  Symbol  =  T. 

120.  This  acid  is  contained  especially  in  the  juice  of  the  grape,  and 
when  perfectiy  pure  it  forms  colourless  tabular  crystals  of  strongly  add  taste. 
Its  most  important  compound  is  the  bitartraie  of  potassa  (RO,HO,f), 
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wiiieh  is  dqiiodted  as  an  incrostatioD  upon  the  bottoms  of  casks  in  which 
new  wine  is  stored.  The  purified  salt  is  beantifoUy  white,  and  its  powder 
Is  employed  in  medioue  under  the  name  of  cream  of  tartar.  In  dyeing,  it 
IS  frequently  used  as  a  mordant.  The  double  salt  of  tartrate  of  potassa  and 
tartrate  of  teroxide  of  antimony,  called  tartar-emetiOf  is  much  employed  as 
«n  emetic 

8.  CITKIC  ACID. 
FonmilaBOuHfO,,;  Symbol»c. 

121.  Citric  acid  is  found  in  the  free  state,  chiefly  in  the  citron  and  lemon, 
and  also  in  gooseberries,  currants,  and  other  fruits.  It  is  distinguished  by 
an  agreeably  add  taste;  it  forms  columnar  crystals,  which,  like  the  preced- 
ing, are  frequently  employed  in  dyeing. 

4.  BIALIC  ACID. 
PomMila  =  C4H,04;  Symbol  =rM. 

122.  This  acid  is  contained  in  almost  all  fruits,  particularly  in  apples,  and 
most  abundantly  in  the  berries  of  the  mountain-ash,  from  which  it  is  commonly 
I«epared.    It  is  orystalliiable  and  highly  acid,  bat  is  without  application. 

6.  OXALtC  ACID. 
Formula  aBCtO,;  SymbolcsO. 

123.  The  saps  of  common  sorrel  and  of  wood-sorrel  contain  oxalate  of 
potassa  (EO,  20),  which  is  obtained  from  these  vegetable  juices  in  colourless 
crystals,  and  is  commonly  called  salt  of  sorrel.  This  salt,  as  well  as  the  acid 
itself,  forms  a  readily-soluble  compound  with  the  oxide  of  iron,  and  hence 
its  firequent  application  for  removing  spots  of  ink ;  it  is  likewise  used  in 
dyeing.  We  may  remark  that  this  acid  is  artificially  prepared  in  large 
quantities  by  gently  heatiuff  sugar  with  nitric  acid.  In  consequence  of  its 
simple  constitution  it  may  be  also  arranged  with  the  simple  groups.  The 
add  and  its  soluble  salts  are  poisonous. 

6.   TANNIC  ACID. 
Formula  s  C,  H,  O5 ;  Symbol  zs  Qt 

124.  This  add  is  difiused  to  a  great  extent  throughout  the  vegetable 
kingdom,  and  we  ma^  assume  that  all  vegetable  matters  which  possess  an 
astringent  taste  oontam  tannic  acid.  It  occurs,  however,  most  abundantly  in 
the  b^k  of  the  oak,  and  in  gall-nuts.  When  prepared  from  these  substances 
it  forms  a  yeUowish  powder  of  highly  astringent  taste.  Its  acid  properties 
are  very  feeble.  In  medidne  it  is  employed  as  an  astringent,  both  internally 
and  extemaUy,  especially  for  arresting  hsemorrhage,  &c. 

The  most  remarkable  property  of  tannic  acid  is  that  of  producing  with  the 
exideB  of  iron  a  deep  violet  or  black  compound,  which  under  the  name  of 
ink  is,  ineontestably,  one  of  most  important  requisites  ^  the  present  age. 

Ink  is  prepared  by  boiling  together,  for  some  time,  3  oz.  of  bruised  galls 
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and  1  oz.  of  snlphate  of  iron,  with  2  or  8  pints  of  water,  to  which  is  then 
added  1  oz.  of  log-wood,  and  finally,  1^  oz.  of  gom-arabic,  for  the  purpose  of 
rendering  it  somewhat  thicker.  A  similar  solution  is  employed  for  dyeing 
various  kinds  of  cloths  of  a  black,  gray,  or  violet  colour.  If  we  desire  to 
ascertain  whether  a  Hqnid,  as  for  instance  water,  contains  iron,  we  macerate 
a  gall-nut  in  water  or  brandy,  and  add  a  few  drops  of  the  tincture  thus  pre^ 
pared  to  the  water,  which  instantly  becomes  of  a  violet  colour,  if  it  contains 
only  a  trace  of  iron.  If  fruit  be  cut  with  a  knife  a  portion  of  the  iron 
becomes  c^ssolved  by  the  acids  always  (Mresent,  aad  sttbiseqaently  combines 
with  the  tannic  acid,  contained  principally  in  the  rind,  and  appeara  as  a 
blue  or  black  coloured  compound.  Wine,  which  contains  tannic  acid,  when 
mixed  with  a  chalybeate  water,  likewise  imparts  a  violet  colour  to  the 
mixture. 

Tannic  acid  hag  derived  its  name  from  the  property  it  possesses  of  forming 
with  hides,  a  compoand  which  is  insoluble  in  water,  and  commonly  known 
as  leather,  hence  it  is  an  essential  requisite  in  the  process  of  tanning,  which 
we  shall  describe  &rther  on. 

7.  FORmC  ACID.    .  7/  ^  ;  .    I   C 
Fomrala  ae  C^fiO,;   Symbol  a  FT 

125.  Ants  contain  a  somewhat  caustio  acid,  which  may  be  used  by  these 
small  insects  as  an  important  weapon  of  defence.  The  properties  of  this 
acid,  however,  have  been  accurately  known  only  since  the  discovery  of  a 
mode  of  artificially  preparing  it  by  the  distillation  of  a  mixture  of  sugar, 
binoxide  of  manganese,  and  sulphuric  acid.  In  the  concentrated  state, 
formic  acid  is  a  colourless  volatile  liquid  of  penetrating  odour  and  caustic 
properties,  for  when  placed  npon  the  skin  it  almost  instantly  raises  a  blister 
similar  to  that  produced  by  burning. 

8.  LACTIC  ACID. 
Formula  ss  C^  Hg  O5 ;  Symbol  as  fZ 

126.  Lactio  acid  is  present  in  many  vegetable  and  animal  substances, 
partly  already  formed,  and  partly  only  subsequently  produced  by  the  process 
of  decomposition.  Fresh  meat  invariably  presents  a  feebly-acid  reaction, 
due  to  the  presence  of  a  minute  quantity  of  lactic  acid  which  the  juice  always 
contains.  It  is  met  with  in  urine,  and  as  a  product  of  decomposition  in  sour 
milk,  in  the  juice  of  sourkrant,  and  other  pickles,  such  as  ghirkins,  &c.  It 
is  uncrystallizable,  and  has  a  strongly  acid  taste;  at  present  it  is  applied  to 
no  particohir  purpose.  The  efficiency,  however,  of  sour  whey,  in  removing 
stains  from  table-cloUis,  is  dne  to  this  acid. 

9.  FATTY  ACIDS. 

127.  These  acids  will  be  more  minutely  considered  when  we  speak  of 
their  natural  compoaids  ailed /cUs,  which  comport  tliemselvea  as  indifferent 
bodies. 
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(2.)  BASES. 


128.  Certain  Teg^etable  sabetanoesy  bj  their  singularlj  bitter  taate  and 
remarkable  eflfeots  upon  the  ammal  syatemy  have  from  an  early  poriod  excited 
■ItBiUioD,  and  have  claimed  the  character  of  yaluable  remedial  agente.  We 
may  meDtioa  as  ezamplea  the  qnina-baik  and  opinm.  Recent  inyeetigations 
hare  ahowD,  however,  that  not  the  entire  maas  of  theae  aabstancea  possesses 
the  aaae  medicinal  qualities,  bat  that  the  greater  part  of  them  consist  of 
mefficaoiona  snbstances,  such  as  woody  fibre,  resin,  gnm,  &c.,  whilst  the  peon- 
Mar  active  consdtoent  forma  only  a  very  minnte  aluire  of  their  weight. 

A  German  chemist  of  the  name  of  Sertiimer,  in  1804,  was  the  first  who 
mooeeded  in  extracting  the  active  principle  from  opinm.  Shortly  afterwards 
similar  substances  were  discovered  in  other  plants,  and  when  prepared  in  the 
pore  state  it  was  observed  that  they  comport  themselves  as  base$f  and  pro- 
dnee,  with  acids,  fine  colourless  and  distinctly-crystallisable  salts.  All  the 
vegetable  bases  contain  nitrogen,  and  in  general  possess  the  following  pro- 
perties :  —  They  are  colourless  and  odourless,  but  of  extremely  bitter  taste* 
In  water  they  are  insoluble,  but  on  the  other  hand  are  soluble  in  spirit  of 
wine,  and  many  also  in  ether.  Even  in  very  small  doses  they  produce  a 
powerful  effect  upon  the  systems  of  plants  and  animals,  the  greater  part  of 
them  being  potent  poisons.  They  are  employed  exclusively  in  medicine,  to 
which  they  have  proved  of  the  greatest  importance.  Whilst  formerly  it  was 
necessary  in  ague  and  other  diseases  of  an  intermittent  character  to  take 
many  ounces  of  pulverized  quina-bark  to  effect  a  cure,  it  is  now  only  requi- 
ate  to  take  a  few  grains  of  quinine  to  eradicate  the  same  disease.  By  the 
vse  of  quinine,  moreover,  we  gain  another  advantage,  namely,  we  avoid  the 
above-mentioned  vegetable  matters,  which  not  unfrequently  destroy  the  effects 
of  the  base.  For  example,  the  quina-bark  contains  a  large  quantity  of 
astringent  tannic  acid,  and  opium  a  variety  of  principles  which  render  the 
application  of  it  impossible  where  its  base  may  be  administered  with  great 
advantage. 

The  vegetable  bases  are  usually  prepared  in  t^e  following  manner :  —  The 
parts  of  plants  which  contain  them  are  boiled  with  water,  containing  an 
admixture  of  sulphuric  acid.  In  this  manner  is  obtained  a  soluble  sulphate 
of  the  base,  which  is  decomposed  by  the  addition  of  ammonia.  The  latter 
produces  with  the  sulphuric  acid  a  soluble  sulphate  of  ammonia,  while  the 
base  is  precipitated.  The  base,  which  is  generally  somewhat  cdoured,  is 
ledissolved  in  dilute  sulphuric  acid,  boUed  with  animal  charcoal,  and  again 
precipitated  by  ammonia;  the  operation  being  repeated  until  the  base  is 
perfBctly  colouriess.  From  many  substances  the  bases  are  extracted  by  boiU 
mg  alcohol,  decolorized  by  animal  charcoal,  and  purified  by  crystallisation. 
Simple  as  this  process  may  appear,  it  nevertheless  presents  many  difficulties 
in  practice,  especially  as  regards  the  removal  of  oolouring  matters,  and  it 
requires  much  care  and  experience. 

The  most  important  omnic  bases  are  the  foUowin^ : — 

Quinine  (formula  CfloHisNOg)  is  contained  in  the  different  kinds  of  quina^ 
bark,  and,  as  above  mentioned,  is  employed  as  an  active  remedy  in  febrile 
diseases.   100  parts  of  the  best  bark  yield  approximatively  8  parts  of  quinine. 

MarfMne  (formula  C35HsM>NOe)  is  the  active  and  highly-poisonous  base 
of  opium.    100  parts  of  opium  yield  about  12  parte  of  morphine. 
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Strychnine  (fonnala  Ci4H22Ns04)  is  found  in  several  poisonous  fraits  and 
barks  of  trees  growing  in  South  America,  particularly  of  the  nux-Tomiea 
(Strychnos  nua>vomica),  firom  which  it  is  usually  prep{u:ed.  It  is  one  of  the 
most  powerful  poisons,  of  which  a  few  grains  are  capable  of  destroying  life, 
its  action  being  characterised  by  a  powerful  influence  on  the  spinal  moiTow. 

Goneine  (formula  CieHisN),  which  is  prepared  firom  the  hemlock  ( Ckmtum 
maculatum),  is  distinguished  from  the  foregoing  bases  by  being  flnid  and 
volatile.  Its  action  is  highly  poisonous,  whilst  it  instantiy  pMalyaes  the 
activity  of  the  spinal  marrow.   ^^„.'^" 

The  great  importance  and  the  ligh  commercial  value  of  the  organic  bases, 
several  of  which,  as  quinine  and  morphine,  are  endowed  with  remarkable 
medicinal  properties,  have  induced  chemists  to  attempt  the  uncial  formation 
of  these  compounds,  hitherto  exclusively  produced  by  vital  processes.  These 
endeavours  have  not  as  yet  been  crowned  with  success;  but  even  now  they 
have  elicited  a  series  of  very  important  results,  which  dearly  show  that  the 
progress  of  chemical  science  cannot  fail  to  solve  the  problem.  From  these 
results  it  appears  that  a  very  close  connection  may  be  traced  between  the 
organic  bases,  all  of  which  contain  nitrosen  and  ammonia,  which  we  have 
considered  in  a  former  part  of  this  work  (§  78).  We  there  stated  that 
ammonia  consisto  of  one  equivalent  of  nitrogen  and  three  equivalents  of 
hydro^n,  and  that  its  composition  may  be  represented  by  the  formula  NH,. 
Now  It  has  beeen  proved  that  the  various  hydrogen-equivalents  may  be 
replaced,  atom  for  atom,  by  various  hydrocarbons  obtained  from  very  different 
sources.  In  the  new  substances  thus  produced,  the  fundamental  character 
of  ammonia,  namely,  its  power  of  combining  with  acids,  is  retained.  In 
this  manner,  by  mdually  removing  the  vanous  atoms  of  hydrogen  from 
ammonia  and  replacing  them  by  a  hydrocarbon  C4HS  which  is  called  ethyl, 
because,  as  we  have  seen,  it  forms  part  of  ordinary  ether,  tiie  following  series 
of  organic  bases  or  compound  ammonias  have  been  obtained : — 

Ammonia.  Bthyl-Ammonia.  Diethyl-Ammonia.  Triethyl-Ammonia. 

H)  C,H,  )  C,H.)  0,H.) 

HfN  H      [n  C,HjN  C«hJn 

HJ  H     j  H    3  C^H,3 

All  these  substances  are  volatile,  like  ammonia  itself,  and  difier  in  this 
respect  from  quinine,  morphine,  &c.,  which  are  of  a  fixed  nature.  However, 
Dr.  Hoffinann,  to  whom  most  of  these  results  are  due,  has  lately  discovered 
a  series  of  analogous  bodies,  still  closely  connected  with  ammonia,  but  wluch 
like  most  of  the  natural  bases  have  ceased  to  be  volatile.  The  latter  class 
of  substances  is  likely  to  become  of  particular  importance ;  they  exhibit  the 
most  remarkable  properties,  several  of  them  combining,  in  fact,  the  bitterness 
of  quinine  with  tiie  causticity  of  potassa  and  soda.  These  compounds  may,  1 
probably,  be  themselves  endowed  with  valuable  medicinal  properties }  at  all 
events  they  appear  to  pave  the  way  to  the  artificial  formation  of  the  natural 
alkaloids. 

(8.)  INDIFEEENT  SUBSTANCES. 

129.  As  these  bodies  have  neither  acid  nor  basic  properties,  and  cannot  be 
compared  to  the  salts,  they  are  termed  indifferent  substances.     They  are  of 
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gpeaX  importanee,  both  in  the  arts  and  in  medicine,  and  are  indispensable  to 
tbe  existence  of  man  and  animals,  since  they  compose  tiie  principal  part  of 
ttiimal  nutriment  We  divide  the  indifferent  substances  into  those  which 
QfMitain  no  nitrogen,  and  those  in  whieh  this  element  is  present.  The  latter 
generally  contain  also  solphnr. 

a.  NON-NTTBOaENOnS  INDTFFEBENT  8TJBSTAN0ES. 

130.  We  may  assume  that  these  substances,  which  constitute  the  principal 
part  of  the  food  of  men  and  animals,  contribute  but.  little  to  the  direct 
increase  of  the  body,  but  are  rather  to  be  regarded  as  the  means  of  main- 
taininc  the  natural  warmth — in  fact,  as  a  sort  of  fuel,  and  as  the  material 
whereby  respiration  is  supported :  to  this  we  shall  farther  allude  in  our 
chapter  on  nutrition. 

While  we  pass  oyer  a  large  number  of  the  less  important  compounds,  we 
shall  consider  only  the  following  more  minutely,  viz. :  starch,  gum,  sugar, 
spirit  of  wine,  ether,  &ts,  ethereal  oils,  resins,  gum-resins,  colouring  matters, 
woody-fibre,  vegetable  mucilage,  and  gelatin.  ^        f  ?  0/     ' 

^^--  .--•      / 

1.  STABCH.  ^ 


131.  Starch  is  contained  in  many  parts  of  pknts,  particularly  in  the  seeds 
of  the  cereals,  in  many  tuberous  roots,  such  as  those  of  the  potato,  dahlia, 
artichoke,  &c.,  in  the  pith  of  the  palm,  in  many  fruits,  as  in  apples,  and  in 
smaller  quantities,  even  in  the  bark  and  wood  of  trees. 

If  thesei  parts  <^  pknts  be  ground  and  agitated  with  water,  the  starch  is 
separated  as  a  white  deposit,  which  is  purified  by  repeatedly  washing ;  it  is 
then  subsequently  dried. 

Starch  is  insoluble  in  cold  water  and  in  spirit  of  wine ;  but  in  hot  water 
it  swells  up  into  a  gelatinous  mass,  which  is  known  as  paste.  In  a  large 
quantity  of  hot  water  it  perfectly  dissolves.  Although  little  qualified  to 
combine  with  other  substances,  it  nevertheless  forms  with  iodine  a  remarkable 
eompound  of  deep-violet  colour.  This  colour  is  so  remarkable  that  the 
minutest  trace  of  iodine  may  be  detected  by  means  of  starch,  and  vice  vergd. 

Starch  is  employed  as  food,  as  a  paste,  for  thickening  the  colours  in  calico 
printing,  for  stiffening  linen  cloth,  for  sizing  paper,  &o.  Several  kinds  of 
starch  are  distinguished  according  to  the  plant  from  which  they  are  derived, 
such  as  potcUo-^tarchj  whecUstarchy  sago  (from  the  pith  of  the  palm),  arrauh 
root  (from  the  root  of  Maranta  arundmacea,  and  tapioca,  which  is  likewise 
obtained  from  an  American  root.  All  these  kinds  of  starch,  however,  agree 
perfectly  with  each  other  in  their  essential  properties. 

Stardi  has  derived  considerable  importance  from  its  products  of  decompo- 
sifion :  when  gently  heated,  or  rather  roasted,  it  is  in  part  converted  into  a 
kind  of  gum,  which  is  termed  leucom,  and  is  employed  in  calico  printing. 
For  the  same  purposes  is  used  the  starch-gum  or  dextrin,  which  is  formed 
when  starch  is  moistened  and  heated  for  some  time  with  very  dilute  sulphuric 
acid ;  it  possesses  almost  all  the  properties  of  gum-arabic.  K  the  action  of 
the  acid  upon  the  starch  be  continued  longer,  it  is  finally  converted  into 
Uarchf  or  grape-migar,  which  has  a  sweetish  taste,  but  is  not  crystallizable. 
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As  a  remarkable  &ot  it  may  be  mentioiied  that  germinated  oora  eoataioa  a 
substance,  termed  diattodey  which  has  the  property  of  tranaformifig  starch 
into  gum  fUid  sugar,  in  the  same  manner  as  we  effect  the  transformation  bj 
the  aid  of  sulphorie  aoid  (see  §  155)i 

2.  GUM. 
Formula  b  G,g  H„  0„. 

132.  Although  gum  is  found  in  numerous  plants,  still  it  is  obtained  only 
from  a  few  Eastern  trees  belonging  to  the  family  of  Mimosa,  and  from  which 
it  flows  in  drops  that  harden  in  the  air,  and  are  generally  known  under  the 
name  of  gum-arabic.  The  purest  gum  is  colouness,  soluble  in  water,  and 
insoluble  in  spirit  of  wine.  It  is  chiefly  employed  for  pasting,  for  mixing 
with  colours,  lacquering,  &c. ;  it  is,  however,  now  frequently  replaced  by 
starch-gum,  which  possesses  nearly  all  its  properties.  It  must  be  remarked 
that  also  other  vegetable  juices  are  termed  gum ;  but,  in  a  chemical  point  of 
view,  we  understand  by  this  term  only  the  compound  here  described. 

8.  SUaAR. 
Formula  =  C„  ff,,  0„. 

133.  Sugar  is  diffused  to  a  great  extent  throughout  the  vegetable  king^ 
dom.  The  greater  number  of  firuits,  many  roots,  and  stalks,  contain  sugar; 
but  it  is  the  small  quantity  in  which  it  is  present,  or  its  admixture  with 
other  substances,  which  prevents,  in  general,  its  extraction.  It  is  ftmnd, 
however,  most  abundantly,  and  in  the  purest  condition,  in  the  juioe  of  the 
sugar-cane,  in  beet-root,  and  in  a  species  of  maple  (^Acer  Bacchartnus),  In 
the  sugar  plantations  of  the  East  and  West  Indies  the  canes  are  crushed 
and  pressed,  and  the  juice,  containing  about  10  per  cent,  of  sugar,  mixed 
with  some  milk  of  lime ;  after  being  heated,  it  is  allowed  to  get  dear  by 
standing,  and  then  evaporated  as  quickly  as  poesiUe,  in  order  to  avoid  fer^ 
mentation.  The  addition  of  lime  is  made  for  the  purpose  of  removmg  the 
albumen  and  vegetable  acids  of  the  juice.  In  this  manner  is  obtained  raw 
tugaVf  which,  according  to  the  care  displayed  in  the  operation,  presents  the 
appearance  of  a  yellowish  or  brownish  moist  powder,  possessing -at  the  same 
time  a  somewhat  unpleasant  odour  and  taste.  This,  which  is  caused  by  the 
impurities  of  the  sugar,  is  afterwards  removed  by  the  process  of  refining^ 
which  is  generally  performed  in  Europe  and  the  United  States. 

The  colour  of  raw  sugar  is  due  partly  to  the  presence  of  colouring  mat- 
ters, and  partly  to  the  conversion  of  a  porti(«  of  the  sugar  during  evapora- 
tion into  a  brown-coloured,  non-crystallizable  kind  of  sugar,  which  is  termed 
moloMet,  The  sugar  is,  therefore,  dissolved  in  the  smallest  possible  quantity 
of  water,  and  boibd  for  some  time  with  animal  diarcoal  (bone*black,  §  51), 
being  thus  almost  perfectly  deoolouriaed.  The  syrup  is  afterwards  filtered 
through  bags  of  flaanel  or  canvas  to  separate  the  particles  of  carl>on.  But 
as  a  portion  of  the  charcoal  passes  through  the  filters,  the  Bunr-solation  is 
afterwards  boiled  with  white  of  egff,  or  blood  which  contains  lubumen.  By 
the  coagulation  of  the  albumen  sul  the  impurities  remuning  suspended  in 
the  solution  are  removed,  and  the  liquid  then  appears  perfectly  clear,  and  is 
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feally  eYtpontod  in  the  b^liiig>ptD  to  tbe  pdnt  (tf  crystdQiiatioii,  vhen  it 
is'ran  into  eartbeoware  moulds  of  a  conical  sbape^  which  have  an  opening 
at  the  narrew  extremity.  The  sogar  soon  hardens  into  small  granular  crys- 
tals, whilst  the  non-orystallisable  portion  formed  dorinx^  the  ebullition  drains 
into  a  Tessel  placed  beneath  to  receive  it,  and  forms  the  dark-brown,  sticky 
sabstance,  which  is  known  as  treade^  and  used  for  a  great  variety  of  pur- 
poses. But  as  a  portion  of  this  colouring  syrup  alwavs  remains  in  the 
sogar,  the  loaves  are  washed  by  allowing  water  to  percolate  through  them 
very  slowly.  When  this  is  aecomplished,  the  moulds  are  taken  off,  the 
vogar  dried,  and  afterwards  brought  into  commerce  as  white  or  refined 
9ugar,  If  the  sugar-solution  is  less  evaporated,  and  placed  in  a  warm  room, 
it  forms  large  yellow  or  brown  crystals,  and  in  this  form  it  is  termed  migar^ 
candy. 

The  principal  point  in  the  manufacture  of  su|;ar  is  to  produce  the  least 
possible  quantity  of  molasses,  the  value  of  which  is  very  trifling.  To  accom- 
plish this,  the  evaporation  is  conducted  with  the  greatest  celerity,  with  exclu- 
sion of  atmospheric  air,  and  at  a  lower  temperature,  by  removing  the  steam, 
ae  it  is  formed  in  the  closed  pan,  by  means  of  an  air-pump.  Hence  a 
refinery  requires,  besides  a  considerable  working  capital,  a  great  stock  of 
expensive  apparatus. 

The  separation  of  sugar  from  beet-root  is  conducted  in  precisely  the  same 
way  ;  but  the  purification  is  more  difficult,  and  requires  greater  care,  since 
the  beet-juice  contains  hr  more  impurities  than  the  juice  of  the  cane,  and, 
moreover,  contains  a  less  pereentage  of  sucar.  This  circumstance,  combined 
with  the  high  price  of  fud,  the  greater  viuue  of  other  field  produce,  and  the 
improvement  of  the  sugar  process  in  hot  climates,  have  led  to  a  diminution 
of  the  cultivation  of  bMt-root  for  the  sake  of  its  sugar  on  the  continent  of 
Barope. 

The  properties  and  uses  of  sugar  are  soffioiently  well  known ;  it  may, 
however,  be  reniari[ed,  that  suffar  is  a  substance  which  undergoes  no  decom- 
position by  itself,  but,  on  the  other  hand,  is  even  capable  of  preventing  decom- 
pootion  in  other  snbetanees;  and  henee  it  is  frequently  employed  for  pre- 
serving fruit,  Ao. 

4.  GBAPE-8U0AR. 
Formula  =  0^  H,4  0^ 

134.  This  term  is  applied  to  the  sugar  contained  in  grapes,  in  fruit,  and 
in  honey,  as  well  as  that  which  is  obtained  by  the  decomposition  of  starch 
-(§  131).  It  has  a  less  sweet  taste  than  cane-sugar,  and  were  it  possible  to 
convert  it  into  the  latter,  to  which  it  is  so  closely  allied  in  regard  to  its  com- 
position, it  would,  indeed,  be  a  discovery  of  incalculable  value,  since  Europe 
would  ^en  be  able  to  manufiicture  from  the  starch  of  the  potato  all  the 
sugar  required. 

Milh-migar  (CigHnOis)  is  a  peculiar  crystallizable  kind  of  sugar,  contained 
principally  in  milk :  it  is  distinguished  from  cane-sugar  by  being  less  soluble 
and  of  inferior  sweetness. 

All  kinds  of  sugar,  under  certain  circumstances,  suffer  fermentation ;  a 
peculiar  decomposition,  by  which  the  very  important  product,  spirit  of  wine, 
IS  formed. 
'      19 
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5.   SPIRIT  OP  WINE. 
Fommla  =  C4  Hq  0,. 

185.  Spirit  of  wine  or  aloobol  never  ooonrs  ready  formed  in  Nature ;  b«i 
it  is  nnder  all  ciromnstaneee  a  produot  of  the  deoomposition  of  iu^  bj  fer- 
mentatioD,  a  prooeaa  we  shall  more  minutely  deocribe  farther  on.  When  the 
spirit  is  formed  in  the  fermented  liquids,  its  separation  is  effected  by  distil- 
latioQ  in  a  aakable  apparatus  (Phys.  §  129).  The  spirit  of  wine,  being 
more  volatile  than  water,  distils  eirer  first,  and  by  repeated  distillation  over 
burnt  lime  it  is  entirely  deprived  of  water,  and  in  Uiat  form  is  termed  anh^ 
drom  or  o&csAife  mhchoLy 

Spirit  of  wine  Is  a  eolonrless  liqiiid,  of  an  agreeably-refreshing  odour  and 
burning  taste.  Its  speeifio  gravity  is  0*79,  and  its  boiling-point  78^  C. 
(172-4^  F.).  Many  substances,  as,  for  instance,  salts  which  are  soluble  in 
water  are  not  dissoived  by  spirit  of  wine  ]  but,  on  the  other  hand,  it  dissolves 
most  of  the  resins  and  ethereal  oils,  which  are  insoluble  in  water.  Spirit 
of  wine  bmms  with  m  feebly-lnminous  flame,  without  smoke,  and  is,  there- 
fore, frequently  used  as  a  ftiel,  particularly  on  the  Continent.  For  water  it 
ezereises  a  very  powerful  affinity,  absorbing  it  even  from  the  atmosphere. 
Moist  vegetable  or  animal  matters,,  when  plaoed  in  spirit  of  wine,  aro  deprived 
of  all  their  moistitre,  being  thm,  as  it  were,  dried  and  protected  from  decay. 
The  bvnnng  sensation  produced  by  spirit  of  wine  upon  the  mouth  and 
etomaoh  is  due  to  the  separation  of  water  from  the  mucous 
membraaes  of  these  organs.  It  produeea  also  upon  the  nervous 
system  a  remarkable  ^ect,  which  is  known  as  inteauoation. 

Spirit  of  wine  is  miscible  with  water  in  all  proportions.  A 
mixture,  containing  from  80  to  85  per  cent  of  alcohol,  is  com* 
monly  termed  tpirU;  brandy  contains  only  from  49  to  50  per 
oont.  In  oommeree  it  is  of  the  greatest  impoitanee  to  possess 
m  reedy  metiiod  of  determining  ue  strengdi  of  such  mixtorei^ 
f .  e.,  the  qnmtity  cf  alcohol  contaieed  in  them.  Fof  HaoA  pev* 
pose  is  employed  an  inatrumeiit,  called  a  h^fdremeter  (Fhjs^ 
f  88).  £&nce  spirit  of  wine  has  a  less  specific  mvity  than  pur^ 
water,  it  follows  that  this  instrument  will  sink  lower  in  absolute 
alcohol  than  when  it  is  placed  in  water.  The  hydrometer, 
which  consists  of  a  glass  bulb-tube  (fig.  64),  is  plunged  into 
water,  and  the  point  cutting  the  surface  is  marked  0^.  It  is 
then  placed  in  absolute  alc^ol,  and  the  point  to  which  it  sinks 
>9  marked  100^.  A  series  of  mixtures  are  made,  containing 
from  1  to  99  per  cent,  of  alcohol.  The  more  alcohol  the  liquids 
contain,  the  deeper  of  course  will  the  hydrometer  sink.  It  is 
now  successively  introduced  into  each  of  these  mixtures,  and 
tbe  point  to  which  it  sinks  marked  upon  the  tube.  In  this 
manner  we  obtain  a  scale,  which  accurately  indicates  tbe  per- 
centage of  alcohol  that  may  be  contained  in  any  spirituous  mix- 
tures, the  strength  of  which  we  wish  to  ascertain. 

The  instrument  thus  marked  is  termed  the  percentage  volame 
hydrometer,  and  was  invented  by  Gay-Lussac  and  Tralles :  it 
is  now  chiefly  used  on  the  Continent  for  determining  the  quan- 
tity of  absolute  alcohol  in  spirits.     Unfortunately,  this  oonye- 
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ttont  dimioB  bas  BOt  alwa^FS  1m61i  tdoptod;  OMrtier,  Baam^,  Bedc^Sykes, 
and  Mvenl  others,  have  divided  the  scale  into  an  arbitrary  number  of 
d^^rees.  A  detailed  description  of  these  instmments  and  of  their  oonstmo- 
li<Hi  ironld  occupy  too  much  space ;  we  shall,  therefore^  merely  give  a  com- 
paratiye  table  of  some  of  the  hydrometers  now  in  use. 


Spedflo 
Qtsfity. 

Peroentags 
Tolume 

PmroenUge 

aeooroungto 

Meoralngto 

Mooralngto 

(Tr»Uaf>. 

Cartier. 

BMk. 

BaiuB«. 

1-000 

0 

0 

10 

0 

10 

0-991 

6 

40 

•<• 

••• 

0-985 

10 

80 

12 

... 

0-980 

16 

121 

••• 

8 

18 

0-976 

20 

16-2 

••• 

••• 

*•• 

0-970 

26 

20-4 

14 

6 

... 

0-964 

30 

24-6 

15 

6 

15 

0-958 

85 

28-9 

,„ 

••• 

16 

0-951 

40 

88-4 

••• 

9 

17 

0-942 

45 

37-9 

18 

••> 

... 

0-938 

50 

42-6 

••• 

12 

20 

0-928 

55 

47-2 

21 

14 

*•• 

0-912 

60 

52-2 

••■ 

16 

24 

0-901 

65 

57-2 

24 

19 

••• 

0-889 

70 

62-5 

27 

••• 

28 

0-876 

75 

67-9 

••• 

24 

•*• 

0-868 

80 

73-5 

80 

27 

82 

0-848 

85 

79-5 

35 

30 

85 

0-888 

90 

86-7 

«•• 

34 

38 

0-816 

95 

92-4 

40 

38 

42 

0-793 

100 

1000 

44 

44 

48 

When  very  dilute  alcohol,  or  any  liquid  containing  spirit,  is  exposed  for 
time  at  a  temperature  of  45^  C.  (118"^  F.)  to  the  influence  of  the  air, 
Hj^bsorbB  oxygen,  and  becomes  converted  into  acetic  acid. 
/^Spirit  of  wine,  moreover,  forms  a  very  extensive  series  of  products  of 
lecomposition,  which,  however,  are  of  little  value  in  the  arts.  The  most 
important  of  Uiese  compounds  is  cMoroform,  which  is  a  transparent  liquid, 
of  a  specific  mvil^  =  1-48 ;  so  that  when  dropped  into  water  it  sinks  to 
the  bottom,  it  is  prepared  by  distilling  dilute  alcohol  with  chloride  of  lime 
(§  82).  The  compound  thus  obtained  has  an  agreeable  odour,  resembling 
that  df  ripe  apples,  and  boils  at  so  low  a  temperature  as  60®  C.  (140®  F.l 
If  20  or  80  drops  of  chloroform  are  placed  in  a  handkerchief  that  is  held 
before  the  mouth  and  nose,  and  the  vapours  thus  inhaled,  it  produces  in 
most  persons  a  state  of'  perfect  unconsciousness  and  insensibility  to  pain ; 
and  hence  it  is  now  extensivelv  employed  for  inducing  this  state  during  sur- 
eical  operations.     The  composition  of  chloroform  is  expressed  by  the  formula 

K 11  parts  of  alcohol  of  85  per  cent,  be  gently  heated  with  a  solution  of  1 
part  of  mercury  dissolved  in  12  parts  of  nitric  acid,  a  lively  decomposition, 
and  after  a  short  time  a  deposition  of  white  crystals,  takes  place.  This  new 
compound  is  termed  fulminating  mercury ,  because  when  struck  or  rubbed  it 
is  decomposed  with  a  violent  knell^  and  it  is  therefore  used  as  (me  of  the 
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ingredients  in  the  manu&cture  of  percussion  caps.  The  folminating  mer- 
cury is  a  compound  of  fulminic  acid  (C4Ng08),  with  two  equivalents  of  pro- 
tege of  mercury. 

6.  ETHER. 
Formula  =  C4  Hg  0. 

186.  Ether,  which  is  also  commonly  termed  sulphuric  ether,  is  a  produot 
of  the  decomposition  of  spirit  of  wine.  When  alcohol,  the  formula  of  which 
is  represented  hy  04HeOg,  is  mixed  with  sulphuric  acid  and  distilled,  it  loses 
one  equivalent  of  HO,  and  we  obtain  the  compound  C4H5O,  or  ether.  This 
compound  is  a  transparent,  highly-volatile  liquid,  which  boils  at  35^  0. 
(95®  F.),  and  possesses  an  extremely  penetrating  odour.  The  specific  grav- 
ity of  ether  is  0*713 ;  it  does  not  mix  with  water,  nor  dissolve  any  of  the 
salts,  but  on  the  other  hand,  it  takes  into  solution  nearly  all  the  resins, 
ethereal  oib,  and  fats.  The  inhalation  of  the  vapour  of  ether  produces  the 
same  state  of  insensibility  as  chloroform. 

7.  PATS. 

137.  The  fats  occur  ready  formed  in  organic  bodies,  and  we  are  still  in- 
capable of  producing  them  by  any  artificial  means.  They  are  either  solid 
or  liquid,  and  in  their  chemical  deportment  display  a  remarkable  similarity, 
whether  they  be  obtained  from  plants  or  animals.  Every  kind  of  fsit  con- 
sists of  an  acid  constituent,  the  fatt^  acid,  in  combination  with  an  indiffe- 
rent body  termed  glycerine. 

The  fatty  acid,  if  liquid,  is  termed  oleic  addy  and,  if  solid  and  crystal- 
line, stearic  acid.  The  greater  number  of  fats  are  mixtures  of  the  com- 
pounds of  these  two  aci&  with  glycerine ;  and  the  solidity  or  fluidity  of 
these  bodies  depends  entirely  on  me  preponderance  of  either  the  one  or  the 
other  of  these  constituents.  K  it  be  stearic  acid,  then  the  fat  is  solid ;  but 
if  oleic  acid  prevail,  the  fat  is  liquid. 

For  man  the  fats  are  of  the  greatest  importance,  since  they  form  in  his 
food  the  chief  constituent  for  the  development  of  animal  heat;  and  hence 
it  follows  that  an  enormous  quantity  of  fat  is  required  as  food  by  the  inhab- 
itants of  northern  climes.  The  fats  arc  divided  into  the  following  groups, 
according  to  the  purposes  to  which  they  are  applied :  — 

As  food,  are  used  olive-oil,  poppy-oil,  nut-oil,  butter^  lard,  suet,  and 
several  others. 

As  fuel:  rape-oil,  hemp-seed  oil,  palm-oil,  cocoa-nut  oil,  train-oil  (fat  of 
marine  mammiferous  animals),  tallow,  &c. 

For  soap :  olive-oil,  rape-oil,  hemp-seed  oil,  palm-oil,  cocoa-nut  oil,  train- 
oil,  and  tallow. 

For  planters :  olive-oil  and  lard. 

For  var7iishes  and  oilrcolours :  linseed-oil  and  nut-oil. 

The  fats  are  distinguished  by  their  insolubility  in  water,  spirit  of  wine, 
and  in  acids :  they  are,  however,  soluble  in  ether  and  caustic  alkalies,  and 
are  perfectly  non-volatile.  Under  the  influence  of  heat,  and  of  many  che- 
mical agents,  the  various  fats  give  rise  to  the  formation  of  peculiar  volatile 
fifttty  acids,  which  have  a  strong  and  highly  disagreeable  rancid  odour.  Tbo 
peculiar  odour  of  the  difierent  kinds  of  fat  always  depends  upon  the  presence 
of  particular  volatile  acids,  of  which  butyric  acid  is  most  common. 
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The  greater  nnmbor  of  oils  and  &ta  is  unchanged  by  ezposnre  to  the  air^ 
and  remains  anciaous  for  years ;  some,  however,  solidify,  by  the  absorption 
of  oxygen,  to  a  resinons  varnish,  and  are,  therefore,  termed  drying  ads. 
The  most  important  of  these  is  linseed-oil.  Oils  expressed  from  seeds  inva- 
liably  contain  certain  quantities  of  water  and  vegetable  mucilage,  which  are 
highly  prejudicial  to  the  use  of  these  oils  in  burning.  By  long  standing, 
or  by  agitation  with  a  portion  of  sulphuric  acid,  and  afterwards  allowing  it 
lo  stand  till  it  becomes  clear,  a  refined  oil  is  obtained,  which  is  perfectly 
free  from  those  impurities. 

Soaps. 

138.  The  soaps  are  compounds  of  fatty  acids,  with  potassa  or  soda.  In 
commerce  we  distinguish  two  kiods,  viz.,  soft  soaps,  consisting  of  oleic  acid 
and  potassa,  and  hard  soaps,  which  contain  stearic  acid  in  combination  with 
ioda.  Their  preparation  is  essentially  the  same.  As  the  affinity  of  the  fatty 
acids  is  not  sufficiently  powerful  to  remove  the  carbonic  acid  from  the  soda, 
the  soap-boiler  first  prepares  a  caustic  ley  (§  66),  by  pouring  water  over  a 
mixture  of  burnt  lime  and  carbonate  of  soda  (§  73).  By  continued  boiling 
of  the  ley  with  the  tallow,  the  process  of  saponification  is  accomplished^  a 
gelatinous  mass  being  produced,  containing  a  quantity  of  water,  from  which 
It  has  to  be  freed.  For  this  purpose  common  salt  is  added,  to  form,  with 
the  water,  a  concentrated  solution,  which  sinks  to  the  bottom.  On  this 
saline  stratum  swims  the  soap,  which,  on  cooling,  becomes  solid.  The  solid- 
ity  and  hardness  of  the  soap  depend  upon  the  completeness  of  the  saponifi- 
cation, and  on  the  separation  of  the  soap  from  the  lees.  When  these  con- 
ditions have  been  perfectly  fulfilled,  the  product  is  called  perfect  soap. 
From  10  to  50  per  cent,  of  water  or  weak  ley  may  be  added,  and  stirred 
into  the  soap  during  cooling,  and  in  this  way  the  yellow  or  ordinary  soap  is 
produced,  which,  of  course,  is  deteriorated  in  value  exactly  in  proportion  to 
the  amount  of  water  in  its  composition.  This  renders  the  real  value  of  soap 
so  difficult  to  be  ascertained,  and  leads  to  many  frauds  in  its  manu&cture 
and  sale.  Mottled  and  other  coloured  soaps  are  prepared  by  mixing  colours 
with  it  during  its  preparation ;  but  this  is  unattended  with  the  least  prac- 
tftoal  advantage. 

Lead  plasters  are  compounds  of  oleic  acid  with  protoxide  of  lead,  which 
are  obtained  by  heating  oil  with  either  litharge  or  minium.  By  employing 
a  low  temperature  the  white-lead  plaster  is  formed ;  but  at  a  stronger  heat 
is  produced  the  brown  variety,  which  is  known  under  the  name  of  hrixwn 
diachylon. 

The  compound  of  stearic  acid  with  lime  is  solid  and  insoluble  in  water. 
K,  therefore,  a  soda-soi^  be  phiced  in  a  calcareous  water  (§  80),  an  insoluble 
lime-soap  is  produced,  which  coagulates  in  white  flakes.  Waters  of  this 
kind  ar^  consequently  unsuited  for  the  purposes  of  washing;  they  may, 
however,  be  rendered  fit  for  use  by  mixing  with  them  a  little  milk  of  lime, 
drawing  off  the  clear  liquid,  and  adding  to  it  a  solution  of  soda  till  no  far- 
ther turbidity  is  produced 

Stsakin  Candlbs. 

139.  These  candles  are  made  of  pure  stearic  acid.  For  this  purpose  a 
lime-soap  b  first  prepared  by  saponifying  tallow  with  milk  of  lime.     The 
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stesrste  of  finie  tkm  produeed  is^booaipMed  bj  soIplMaie  Mid>  wUoh  oom- 
bhies  with  the  lime  to  produoe  siilph»te  of  lime,  aod  seta  the  steario  aoid 
fne.  The  acid  is  then  freed  by  presBore  from  any  adhering  oleio  aoid;  it 
then  presents  tiie  appearanoe  of  a  beaulifiilly-white  crystalline  maasy  wlueb 
has  lost  its  greasy  character,  and,  after  the  adcUtion  of  a  portion  of  waa^  is 
raady  for  forming  candles.  Steario  acid  reddens  bine  vefletable  ooloorS)  and 
hence  the  spots  from  stearin  candles  frequently  attack  the  ooloor  of  doths* 
The  composition  of  this  acid  iff  =  OesHjOe. 

8.  WAX. 

140.  This  substanoe  is  allied  in  its  general  properties  to  the  &tiB.  It  ii 
met  with  as  a  product  of  the  Tegetable  kingdom  in  the  poUen  of  fkmenj 
and  many  other  parts  of  plants ;  it  is,  however,  frequently  coloured  greei, 
brown,  or  red  by  being  associated  with  resin  or  colouring  matters.  Bees 
also  have  the  power  of  producing  wax  from  the  honey  by  the  digestive 
process ,  and  this  wax  so  produced,  together  with  what  they  collect  fW)m  the 
fiurina  of  flowers,  they  use  in  the  construction  of  their  cells.  By  melting 
the  honeycomb  we  obtain  tiie  crude  wax,  of  a  yellow  colour,  both  of  whi<£ 
are  partiy  due  to  the  presence  of  honey.  Thin  plates  of  this  impure  wax^ 
when  moistened  and  exposed  to  the  iuiluence  of  solar  light,  become  perfbotiy 

^    Ueaohed.     When  thus  purified  it  is  colourless,  odourless,  and  tasteless, 
/       insoluble  in  watejL  diflioul)|7  soluble  in  boiling  alcohol,  but  pretty  soluble  in 
hot  ether.  ^ 

The  specific  gravity  of  wax  is  0.96,  and  ito  fusing  point  68°  C.  (154-4°  P:). 
like  the  fiats,  it  chiefly  consists  of  a  substanoe  saponifiable  by  potassa-ley, 
liamely  oertn,  and  another  body  called  myricin.  Wax  is  used  in  medicine,  in 
tiie  manufacture  of  candles,  and  for  many  other  purposes.  Tree-wax,  which 
is  sometimes  termed  Chinese  or  Japanese  wax,  is  obtained  by  exhausting 
with  boiling  water  the  bark  and  fruit  of  several  trees;  it  agrees  in  all  its 
essential  properties  with  bees'-wax. 

9.  VOLATILE  OILS. 

141.  The  volatile  or  ethereal  oils  occur  in  the  vegetable  kingdom,  and  are 
in  general  the  cause  of  the  peculiar  odours  of  diflerent  parts  df  plants, 
particularly  of  the  flowers,  leaves,  and  fruits,  in  which  they  commonly  exist 
in  droplets  enclosed  in  the  cellular  tissue.  These  oils  are  all  volatile,  and, 
when  pure,  generally  colourless.  They  possess  a  penetrating  and,  with  few 
exceptions,  an  agreeable  odour  and  burning  taste.  On  paper  they  cause  a 
temporary  greasy  stain,  which,  however,  disappears  as  the  oil  becomes  vola- 
tilized. They  are  almost  entirely  insoluble  in  water,  but,  on  the  other  hand, 
they  readily  dissolve  in  spirit  of  wine,  ether,  and  flUs.  With  regard  to  their 
chemical  composition,  it  may  be  remarked  that  they  form  two  principftl 
groups,  of  which  the  first  consists  only  of  carbon  and  hydrogen,  wnilst  the 
members  of  the  second  group  contain,  in  addition  to  these  two  elements, 
oxygen,  and  a  few  of  them  sulphur  or  nitrogen. 

The  volatile  oils  absorb  oxygen  from  the  atmosphere,  whereby  they  solidify, 
and  are  finally  converted  into  resinous  bodies.  When  exposed  to  a  low  tem- 
perature, many  of  these  oils  deposit  a  solid  crystalline  substance,  whidi  has 
received  tiie  name  of  9UaroptiJie,    The  application  of  the  volatile  oib  ii 


iMrifoUL  The  MbftaMw  in  whMi  tlMjr  aie  •ontemed  ne  freqaeady 
employed  as  ttonwtks,  mm!  ii  the  propwrneiop  of  spiritaofM  driaki,  ^iieiin, 
Ac.  Thej  ere,  moreoTer^  freqaently  uted  in  tiie  pfepandm  e£  aiedioiMl 
waten^  ud  as  acttre  remedial  aganta;  fcr  ^e  laMer  paifaae  iikt  eila  Uien^ 
Btttes  are  i>  like  maimor  employed* 

The  vokdale  oib  are  geMimlly  prepared  for  diatiUiog  «  large  qnaotity  oi 
the  odorena  herb  with  a  eomparaUyely  anudl  portioa  m  water.  The  oil  is 
thus  Tolatifized^  and  ia  fooad  floatiBg  upon  the  surfiioe  ef  the  diitUkte. 

142.  The  following  oila  are  particulariy  worthy  of  heiag  meotioaed : — 

Twrpentme-<nl  (CioHt)  is  foond  ia  all  the  yaiiowi  species  of  fir.  This  oil 
is  parrtawlarly  impoftant^  from  its  power  of  dissolrag  maoy  nsins,  and 
formiog  inth  them  rapidly-dryiog  vamuhei,  Tarpeatfne  is  likewise  exten- 
flm^  ea^loyed  for  diflsolTiiig  mm)  thinning  oil^okwrs  which  are  need  in 
paiatiDg.  Lake  most  other  Tolatile  oils,  it  is  highly  inflammable,  and  bums 
with  ft  strong  smoky  flame. 

As  eonalitoenta  of  parfamery,  the  following  are  principally  nsed  i^^Lemon^ 
oily  obtained  from  the  rind  of  the  lemon ;  bergamotroU^  from  the  rind  of  the 
bergMDOt-dtron ;  ontmge^flower  oil;  clooe^,  from  clovea;  ci$mamon-o%l; 
Immmder-cil;  hitter^thnond-oii  and  nm^'oU  (otto  of  roses),  the  latter  being 
j^pared  chkfly  in  the  East,  and  4a.  exceedingly  costly. 

Jmniper-oH^  anUaed^oUj  fewnel^Uy  cwmtn-oi^  cinnaman-ailj  dove-oU^  and 
pmaarmint'<nl  are  chiefly  employed  for  flavoaring  spirits  and  liquenrs. 

Tne  ail  of  chamomilej  which  is  distinguished  by  its  beautiful  blue  colour, 
is  en4>loyed  as  a  remedial  agent 

From  the  Tolatile  oil  of  a  tree  (Laurtu  camphora)  growing  in  the  Bast 
Indies,  a  solid  white  substance  separates^  which  is  known  under  the  name 
of  cmofhoT*  This  substance  is  employed  as  a  perfume  \  and  likewise  in 
medicine,  both  as  an  internal  and  external  stimulant 

The  peculiar  odour  of  spirit  prepared  from  com  and  from  potatoes  is  due 
to  the  presence  of  a  volatile-oil,  called  fmd  oil^  or  hydrated  oxyde  of  amyl 
(C.oH„,0,HO). 

Bitter  almonds  yield  a  Toktile  oil,  which  possesses  the  peculiar  odour  of 
hydrocyame  acid^  and  is  extremely  poisonous.     A  pungent  oil  containing^ 
smphiur  is^  found  in  mustard  and  in  onions.     The  chemical  characters  of 
these  oils  will  be  more  minutely  described  hereafter. 

10.  RKSINS. 

148.  The  resins  are  products  of  the  vegetable  kingdom,  and  are  observed 
to  exude  from  many  plants  when  they  are  out  or  wounded.  In  seneral  they 
are  mixed  with  a  volatile  oil,  which  stands  in  intimate  ohemicu  relation  to 
the  resins.  The  resins  have  generally  a  yellow  colour,  and  are  devoid  of 
crystalline  structure.  The  oil,  in  admixture,  imparto  te  them  peculiar  odoura 
and  tastes,  and  when  burned,  many  of  them  emit  agreeably^smelling  products 
ci  combustion,  and  hence  are  frequently  employed  for  fumigations.  The 
resins  are  insoluble  in  water;  but,  on  the  other  hand,  they  readily  dissolve 
in  alcohol,  ether,  and  the  volatile  oils.  K  these  solutions  of  resins  be  thinly 
spread  upon  wood  or  any  other  substance,  and  exposed  to  the  air,  the  solvent 
is  slowly  volatilized,  and  there  remains  a  brilliant  coating  of  the  resin,  which 
ia  called  varnish  or  polish.  It  has  already  been  mentioned  that  the  resins 
are  non-conductors  A  electricity.    With  regard  to  the  chemical  diaracteni 
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of  resins,  we  may  remaik  that  they  deport  themsdTes  as  weak  aeida,  mod 
form  with  strong  bases  a  series  of  oompoands  simikr  to  those  of  the  ftattf 
aeids ;  sueh  bodies  are  the  resin-soaps,  some  of  whioh  are  employed  in  the 
arts.  These  resinous  acids  are  readily  separated  from  their  eombinations  by 
stronger  acids,  and  are  thus  obtained  in  a  colourless,  odourless,  and  ciystallhM 
fonii.     The  following  are  the  most  important  resins : — 

144.  Turpentine,  which  exudes  from  the  various  pine  or  fir  trees,  parti* 
cnlarly  from  the  larch,  is  a  mixture  of  volatile  oil  and  resin.  By  distiUm- 
tion  with  water  the  turpentine-oil  is  volatilind,  while  a  brown  resin  remains, 
which  is  known  under  the  name  of  colephany.  When  tho  turpentiiie  is 
dried  in  the  air,  we  obtain  the  ydlovy-pine  resta.  By  agitating  the  loaed 
colophony  with  a  portion  of  water,  the  two  combine  to  produce  the  brewn 
opaque  pitch.    The  numerous  applications  of  diese  resins  is  well  knowii. 

Copal  is  imported  from  the  East  Indies  in  bright-yellow  pieces.  Wkcn 
fused  and  dissolved  in  hot  linseed-oil  it  forms  the  well-known  copal-vamisb, 
which  is  the  most  durable  of  all  the  varnishes,  nnce  it  is  not  afifected  by 
spirit  of  wine. 

Nkutic  and  sandarach  are  resins  connsting  of  white  or  brigfat-yeHow 
tears,  which  form  transparent  varnishes  when  dissolved  in  spirit  of  wine. 
They  are  chiefly  employed,  with  bensoin  and  storax,  in  fumigations. 

SheUac  exudes  from  the  punctures  made  by  an  insect  allied  to  the  ooohi- 
neal  in  the  barks  of  several  trees  growing  in  the  East  Indies.  It  is  much 
employed  in  the  manufacture  of  sealing-wax,  and  when  disserved  in  spirit 
of  wine  it  forms  the  common  polish  ^French  polish)  of  the  cabinet-maiker. 
It  may  be  perfectly  decolorised  by  chlorine,  and  afterwards  empbyed  as  a 
colourless  varnish. 

Jalapresin,  whioh  is  obtained  from  the  jakp-root,  is  much  used  in  medi- 
cine as  a  powerful  purgative. 

Caoutchoucy  or  India/n^rubber,  is  contained  in  the  milky  juice  of  many 
plants,  as,  fw  instance,  that  of  lettuce.  It  is,  however,  prepared  only  from 
the  juice  of  some  trees,  growing  in  South  America  and  the  islands  of  the 
Indian  Archipelago.  The  extreme  elasticity  of  this  interesting  substance 
has  led  to  its  employment  in  the  manu&cture  of  water-proof  doth,  which 
was  first  introduced  by  Mackintosh  of  Glasgow.  For  this  purpose  the  caout- 
chouc is  dissolved  in  coal-tar  naphtha  (§  17),  whicdi  is  obtained  as  a  secondary 
product  in  gas-works. 

Gutta-pmha  has  been  imported  into  Europe,  from  the  East  Indies,  only 
since  1843.  It  is  obtained  from  a  large  tree,  growing  in  Singapore,  Borneo, 
and  other  isknds,  partly  by  collecting  the  milky  juice,  and  pSrily  1^  remov- 
ing the  layers  of  inspissated  sap  from  the  bark  of  the  tree.  It  occurs  in 
commerce  in  two  forms — ^in  small  pieces,  resembling  the  shavings  of  leather, 
and  in  blocks  of  a  whitish-gray  colour,  which  have  the  appearance  of  decayed 
wood.  Gutta-pereha  is  insoluble  in  water,  spirit  of  wine,  soda  and  potasaar 
ley,  and  in  w^  acids ;  but  is  partly  soluble  in  ether,  and  readily  soluble 
in  turpentine-oil.  Its  most  important  property  is  that  of  becoming,  ia  boiUsg 
water,  soft  and  as  pUstic  as  wax,  so  that  we  may  form  with  it  objecta  of 
every  possible  shape,  and  take  impressions  of  works  of  art,  since  it  perfectly 
retains,  after  cooling,  the  form  whioh  is  ffiven  to  it  Gutta-percha  is  ex- 
tremely tough,  but  is  not  ekstic.  This  latter  property,  however,  may  be 
readily  imported  to  it  by  the  addition  of  a  portion  of  caoutehouo. 
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Ainber  is  &  resin  occurring  in  the  mineral  kingdom.  Its  origin  appears 
to  stand  in  intimate  eonneotion  with  the  snhmeiged  forests  which  now  yield 
the  brown-coal  of  the  Continent.  This  beautiful  yellow  and  hard  resin  is 
worked  into  many  objects  of  art ;  and  when  fused  by  heat,  and  dissolved  in 
hot  turpentine  oil,  it  forms  a  very  durable  and  frequently-used  yamishi 
which  is  not  affected  either  by  soap  or  spirit  of  wine. 

11.  GUM  RESINS. 

145.  These  substances  are  mixtures  of  resins,  gums,  volatile  oils,  and 
occasionally  other  substances.  They  exude  from  various  plants  in  tropical 
^mi^tiNij  and  are  of  high  importance  principally  by  reason  of  their  medi* 
dual  qualities.  The  most  important  are : — Gfamboge,  which  is  employed 
as  %  beautiful  yellow  paint;  ammonmcum ;  atrnfadita,  termed  devil's 
dang  (^Sterau  diaboU)^  on  account  of  its  remarkably  disagreeable  odour; 
wufrrh;  aloetj  %  bitter  and  drastic  purgative;  optnmy  and  many  others. 

12.   COLOURING  MATTERS. 

146.  From  the  endless  variety  of  colours  displayed  by  the  vegetable  king- 
^bm,  we  derive  comparatively  few  colouring  matters,  since  the  greater  part, 
partieulariy  those  of  flowers,  are  rapidly  destroyed  by  light  and  air.  The 
more  durable  colouring  matters  manifest  so  variable  a  deportment,  that  it  is 
impossible  to  depict  uiem  in  general,  and  to  describe  them  in  detail  would 
occupy  too  large  a  share  of  an  eleoientary  work.  Some  of  these  colouring 
matters  are  soluble  in  water,  spirit  of  wine,  or  ether ;  they  partly  combine, 
like  acids,  with  bases,  and  particularly  with  alumina  (§  86) ;  they  are  all 
destroyed  by  chlorine.  A  few  combine  immediately  with  wool,  silk,  and 
eotton ;  others  only  when  these  materials  are  previously  mordantizedy  t.  «., 
impregnated  mth  alum,  or  some  other  body  which  has  the  power  of  fixins 
the  coTour  upon  them.  Since  most  of  the  colouring  matters  are  devoid  of 
erystalline  structure,  their  chemical  characters  are  less  known  than  those  of 
the  ftbove-deecribed  indifferent  organic  substances.  The  most  important 
colouring  matters  used  in  dyeing  are  the  following  : — 

Yellowi:  Woad  (Isatis  tinctoria);  /mttc;  yeUow  oak;  yellow  berrieSy  or 
Persian  berries;  turmericy  or  yellow  root;  and  annatto. 

Reds :  Dyers'  red,  or  madder,  a  root  which  is  indisputably  one  of  the 
most  important  materials  employed  in  dyeing,  and  yields  very  durable  red, 
mlet,  and  brown  colours;  blue  or  Campeachy  wood;  red  or  Brazil  wood; 
taffroU'Vjood ;  cochineal,  an  insect  living  in  South  America  upon  various 
kinds  of  cactus,  and  from  which  the  beautiful  purple-ooloured  carmine  is 
prepared;  archill  and  cudbear,  prepared  from  lichens;  and,  lastly,  dragons' 
blood. 

Greens  :  Only  a  few  of  these  are  known ;  however,  the  sap  of  the  buck- 
thorn is  employed  under  the  name  of  sap^een.  The  green  leaves  of  plants 
owe  their  colour  to  the  so-called  leaf-green  or  chlorophyl,  which  is  of  a  resin- 
ous nature,  but  is  unsuited  to  the  purposes  of  dyeing. 

Blues:  To  these  belong  litmus,  which  is  obtained  frt>m  certain  lichens. 
It  is  employed  by  the  chemist  in  the  preparation  of  test-papers,  which  are 
used  for  ascertaining  the  acid  or  alkaline  nature  of  bodies  (§  17). 

The  most  important  of  all  the  blue  colours  is  indigo,  which  is  a  nitro- 
genous body,  and  is  prepared  from  several  plants  growing  in  the  East  Indies. 
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Ite  ohiaf  saperierity  ixmMtB  ia  tiM  extreme  dunbiU^  ci  Us  oobiir,  ri»ee 
it  is  not  reddened  even  by  the  itroDgest  edds. 

18.  VEGETABLE  MUCILAGK 

147.  Mucilage  is  contained  in  many  vegetable  substances,  to  wbich  it 
imparts  tbe  property  of  forming  witb  water  an  adhesive  slimy  liquid,  which 
is  employed  for  many  purposes,  especially  as  a  palliative  in  booping-cough 
and  diseases  of  tbe  chest.  Substances  wnicb  consist  almost  entirely  of  dry 
mucilage,  or  contain  a  very  large  quantity,  are  —  tragacanthrgumj  cherry- 
gum^  salep-rooty  carrageen^monj  linseed,  gu%nce-4eed$,  marsh^maHow  roots, 
and  many  others. 

14.  VEGETABLE  GELATIN. 

148.  This  substance,  which  is  termed  also  pectm,  and  is  closely  allied  to 
the  fwegoing,  is  contained  in  tbe  juice  of  most  fruits  and  roots.  If  sbcfa  s 
juice,  as,  for  instance,  that  of  tbe  raspberry,  be  boiled  with  sugar  or  mixed 
with  spirit  of  wine,  tbe  gelatin  will  be  found  to  deposit  in  the  form  of  a 
transparent  mass. 

16.  VEGETABLE  FIBBE. 

149.  The  principal  mass  of  plants  consists  of  woody  fibre,  which  is  formed 
partly  of  small  hollow  tubes  and  partly  of  cells.  Within  these  tissues  are 
enclosed  various  other  substances  wiUi  which  we  have  already  become  ao- 
quainted,  namely,  starch,  chloropbyl,  sugar,  colouring  matter,  &o.,  which, 
however,  may  be  completely  separated  by  washing  witb  water,  spirit  of  wine, 
acids,  and  other  solvents.  Tbe  composition  of  tbe  woody  fibre  tbus  purified 
may  be  expressed  by  the  formula  Cj^HjoOjo*  or,  in  other  words,  100  parts 
contain  44-4  carbon,  6*2  hydrogen,  and  49*4  oxygen. 

Bleached  cotton,  flax,  hemp,  and  paper  prepared  from  linen,  are  tolerabl/ 
pure  woody  fibre,  which  is  neither  soluble  in  water  nor  in  any  other  liquid 
without  decomposition.  On  the  other  hand,  when  immersed  in  liquids,  it  has 
the  power  of  imbibing  them,  a  property  on  which  depends  the  nutrition 
of  plants.  When  woody  fibre,  8aw-4nst,  or  straw,  is  treated  with  dilute 
Bulpbnric  acid,  it  is  first  converted  into  a  kind  of  gum,  and  finally,  by  long 
ebullition,  into  ^ape-sugar.  If  heated  with  concentrated  solution  of  potassa, 
the  elements  of  the  fibre  become  grouped  into  oxalic,  acetic,  and  carbonie 
acids,  which  unite  witb  tbe  potassa  and  produoe  salts. 

When  cotton-wool  is  submitted  to  the  influence  of  Aiming  nitric  aoid,  it 
suffers  a  remarkable  change,  and  afterwards,  when  properly  dried,  possesses 
tbe  property  of  exploding  with  great  violence  either  by  the  blow  of  a  hammer, 
or  when  heated  to  a  temperature  of  from  60°  C.  to  W*  (140°  to  194°  F.). 
This  new  compound,  which  is  known  under  the  name  of  gwnrCoUon,  is  now 
sometimes  used  for  &re-arms,  and  more  frequently  for  blasting  in  mines ;  but, 
though  acting  with  great  force,  is  scaroely  a  safe  substitute  for  gunpowder, 
owing  to  its  easy  inmimmability.  The  mode  of  preparing  it  is  to  immerse 
cotton-wool  for  a  space  of  four  or  five  minutes  in  a  mixture  of  1  part  by 
weigl^  of  fuming  nitric  add  with  1}  to  2  parts  of  sulphuric  acid,  and  sub* 
sequently  washing  it  in  pure  water  and  drying  it  at  a  temperature  of  50°  C 

With  many  basic  salts,  particularly  those  of  alumina  and  sesquioxide  of 
imn,  as  well  as  with  eolouiing  matters^  vegetable  fibre  has  the  property  of 
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Dff  in  Booii  a  maimer,  that  tbese  aabstaiiMa  fbrm  upon  it  a  more  or 
Ibbb  dnnble  adhesive  coatiDg.  On  this  {woperly  is  iweed  Ihe  proeeas  of 
dyeing  Hoen  and  eottoa  cloth  foomp.  §  86). 

Wood,  the  principal  man  of  which  oondsts  of  regetable  fibre,  is  not  only 
of  the  highest  impoHanee  as  a  building  material,  but  is  of  essential  value  as 
a  fael.  In  the  latter  respect  we  shall  submit  it  to  a  closer  examination  when 
we  speak  of  the  decomposition  of  organic  bodies.  On  that  occasion,  too,  we 
shall  describe  the  carbonaceous  products,  such  as  humus,  peat,  turf,  brown- 
coal,  and  coaly  which  are  producedi  under  different  influences^  from  the  de- 
composition of  v^table  fibre.    ^      /        ^  ^^      ^ 

h.  NiTEOGIlfOUS  iNDl^hPERINT  SUBSTANOSS. 

150.  Und^the  non-nitrogenoos  orgsnic  compounds,  such  as  stardi,  woody 
fibre,  gum,  and  the  various  Jdnds  of  sugar,  we  have  become  acquainted  with  • 
series  of  bodies,  which  show  by  their  composition  and  certain  phencmiena  of 
deoompooticm  that  they  mutually  stand  in  intimate  relation.  The  &is  like» 
wise  offer  to  us  a  group  of  similarly-compoBed  bodies,  which  when  mixed 
together  in  various  proportions,  constitute  the  different  fiitty  substances  of 
the  vegetable  and  animal  kingdoms.  The  fisict  that  all  these  bodies  consist 
only  of  three  primary  elements,  viz.,  carbon,  hydrosen,  and  oxygen,  and  that 
moreover  by  Uieir  chemical  deportment  they  may  be  readily  prepared  in  the 
pore  state,  has  rendered  it  possible  for  us  perfectly  to  elucidate  their  compo* 
flition  and  the  metamorphoses  they  suffer  under  certain  influences. 

In  a  similar  manner,  we  find  now  in  vegetable  and  animal  substances  an- 
other group  of  bodies,  which  exhibit  a  remarkable  concordance  in  their  che- 
mical constituents  and  properties.  These  bodies,  which  ure  generally  termed 
aZ&ttiiiVnatM  compounds,  are — white  of  egg,  or  alJmmenffihrinj  and  ccuein,  the 
substance  of  cheese.  These  three  bodies  contain,  in  addition  to  carbon, 
hydrogen,  nitrogen,  and  oxygen,  a  portion  of  sulphur  and  phosphorus.  Our 
knowledge  of  the  composition  of  these  substances,  however,  b  at  present  very 
imperfect,  partly  because  we  cannot  readily  prepare  them  in  a  state  of  purity, 
and  partly  from  the  extreme  difficulty  of  determining  accurately  the  prq)or- 
tions  of  nitro^n,  sulphur,  and  phosphorus,  which  occur  only  in  comparativelv 
small  quantities.  But  we  know  that  the  proportionate  weights  of  the  consti- 
tnents  of  albumen,  casein,  and  fibrin  are  very  nearly  the  same,  and  hence 
they  have  hiUierto  been  regarded  as  identical.  Becent  investigations  have, 
however,  not  confirmed  this  supposition.  We  shall  here  confine  ourselves  to 
the  description  of  their  well-known  general  properties,  and  give  the  compo* 
Mou  which  has  been  assigned  to  them  by  the  most  recent  investigations. 

100  ports  by  weight  of  these  bodies  contain  on  the  averaee  53  carbon, 
7  hydn^n,  22  oxygen,  and  16  nitrogen.  The  proportion  of  sulphur  and 
phosphorus,  however,  varies  in  these  different  substances  from  ^  to  2  per 
eent  The  greatest  quantity  of  the  former  element  is  found  in  the  albumen 
of  the  ^gg,  in  which  it  amounts  to  from  1*7  to  2  per  cent. 

151.  The  general  properties  of  albuminous  bodies  are  the  following :  they 
ave  not  erystallisable,  but  appear  in  the  moist  state  as  a  white  mass,  ^hich 
piesetttB,  when  dry,  a  semi*4aransparent  horn-like  appearance.  In  the  systems 
of  pbnts  and  animi^s  they  are  held  in  solution  by  water,  and  hence  oocur  in 
the  liqiud  state.     Biat  under  the  influence  of  vitality,  of  heat,  by  mixing 
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iheir  solutions  with  a  weak  afiid  or  spirit  of  wine,  they  beoome  o<»ivect6d  i<^* 
an  insoluble  modifksation.  In  the  latter  form,  they  are  insoluble  in  water^ 
spirit  of  wine,  ether,  and  fats.  They  dissolve,  however,  in  weak  solatioaa 
of  the  caustic  alkalies,  and  are  again  partly  precipitated  unchanged  by  acids. 
The  albuminous  bodies  dissolve  in  concentrated  hydrochloric  add,  with  a 
beautiful  dark-blue  colour;  they  are  likewise  slowly  dissolved  by  the  aeid 
liquid  of  the  gastric  juice.  If  the  albuminous  bodies  are  left  in  the  moist 
state  to  spontaneous  decomposition,  i,  e.,  to  putrefaction,  they  evolve  an  ex- 
tremely offensive  odour,  which  is  due  to  the  elimination  of  carbonate  of  am- 
monia, sulphide  of  ammonium,  and  butyric  acid.  It  is  worthy  of  remark^ 
that  these  bodies,  when  undergoing  spontaneous  decomposition,  have  the 
property  of  causing  a  peculiar  decomposition  of  sugar  into  carbonic  acid  and 
spirit  of  wine,  whenever  they  are  brought  into  contact  with  its  solution. 
/  The  albuminous  bodies  are  of  the  highest  importance  as  constituents  of 
food,  since  the  solid  parts  of  flesh,  blood,  brains,  and  many  other  animal 
substances,  consist  chiefly  of  these  compounds.  Hence  we  consider  those 
alimentary  substances  which  are  rich  in  albumen,  fibrin,  and  casein,  as  the 
most  nutritious^  and  suited  to  the  formation  of  flesh,  blood,  S^. 

1.  ALBUMEN. 

^  152.  Albumen  is  a  constituent  of  all  those  vegetable  and  animal  juices 
which  coagulate  when  heated./  If  any  green  vegetable  matter,  such  as  the 
leaves  of  cabbage,  &c.,  be  crushed  and  pressed,  we  obtain  a  ^en  liquid, 
from  which  the  albumen  separates  on  the  application  of  heat.  The  albumen 
thus  prepared  has  a  greenish  colour,  due  to  the  presence  of  chlorophyl 
(§  146),  which  may,  however,  be  readily  separated  by  means  of  spirit  of 
wine.  When  beet-root  and  potatoes  are  sliced  and  digested  for  some  time 
in  water,  the  albumen  these  substances  contain  will  enter  into  solution,  and, 
on  heating  the  water,  will  be  found  to  separate  in  white  flocks.  '^  Albumen^ 
in  the  purest  form,  is  contained  in  the  egg,  and  likewise  in  blood.  When 
fr^sh  blood  is  allowed  to  stand  some  time,  it  is  observed  to  separate  into  two 
parts,  namely,  into  a  solid  called  the  cxxxgulumj  and  a  fluid  termed  iemm^ 
on  which  the  former  swims.  The  latter  contains  in  solution  the  albumen, 
which  coagulates  when  the  serum  is  heated.  /^ 

The  essential  properties  of  albumen  are  the  following :  it  is  contained  in 
the  juices  of  plants  and  animals  in  the  solvhle  condition,  which  it  loses  when 
heated  to  the  temperature  of  boiling  water.  It  separates  then  in  the  form 
of  a  white  floccufent  mass,  which  is  not  again  dissolved  by  water,  and  in 
that  form  is  commonly  termed  coagulated  aljbumen.  By  coagulation  of  the 
albumen  it  envelops  other  substances  which  may  be  contained  in  the  liquids, 
and  thus  removes  them;  hence  all  albuminous  juices  are  well  adapted  for 
clarifying  turbid  beer,  wine,  and  other  liquids,  and  are  employed  particularly 
in  the  fabrication  of  sugar  r§  138).  When  an  albuminous  liquid  is  mixed 
with  spirit  of  wine  or  an  acid,  the  albumen  is  at  once  precipitated. 

2.  FIBRIN. 

158.  FiMnf  like  albumen^  is  known  in  the  solid  and  fluid  conditions. 

The  red  mass  which  constitutes  the  flesh  or  muscle  of  animals  is  solid  fibrin. 

It  is  contained  in  a  soluble  state  in  blood,  and  separates  on  cooling  of  the 

latter  into  the  so-called  coagulum.    In  this  form  the  fibrin  is  coloured  by  a 


CASEIN— DIASTASE  — GBLATIN.  SVl 

red  sabstenee  contained  io  the  blood,  whieh,  howerer,  may  be  eMUy  removed 
hy  wasbiDg.  Vegetable  fibrin  (or  gluten)  is  prepared  by  placing  wheaten 
ioar  in  a  bag,  and  kneading  it  with  fresh  portions  of  water  until  the  latter 
DO  longer  bc^mes  milky.  The  water  removes  the  starch  contained  in  the 
flour,  and  leaves  a  tenacious  glney  mass,  which  is  known  as  gluten,  and 
wboi  porified^  deports  itself  in  a  similar  manner  to  animal  fibrin. 

8.  CUkSEIN. 

154.  MUk  is  a  miztore  of  fiit  (butter)  with  a  solution  of  casein  in  water. 
When  the  milk^  freed  as  much  as  possible  from  butter,  is  heated,  a  white 
pellicle  is  foraied  upon  the  surface,  and  becomes  renewed  as  often  as  it  is 
taken  off.  This  skin  which  forms  upon  the  milk  is  casein.  Casein  also 
coagulates  by  heat,  not  suddenly  like  albumen,  but  only  slowly ;  it  may, 
however,  be  instantly  coagulated,  when  to  the  heated  liquid  containing  it  a 
few  drops  of  acid  are  added.  When  beans,  peas,  or  leguminous  fruits  gene- 
rally, are  bruised  and  macerated  with  water,  the  casein  becomes  dissolved ; 
by  heating  the  solution  it  is  separated  as  a  white  pellicle,  which  exhibits  the 
greatest  similarity  to  the  casein  obtained  from  milk.  If  milk  be  allowed  to 
stand  for  some  time  it  becomes  sour,  from  the  conversion  of  the  sugar  it 
contains  into  lactic  add  (§  126),  which  then  induces  the  coagulation  of  the 
casein.  The  most  remarkable  effect  upon  casein  is  produced  by  the  so-called 
rennety  which  is  a  certain  part  of  the  stomach  of  a  young  calf.  If  a  small 
quantity  of  this  rennet  be  introduced  into  milk,  the  casein  is  forthwith  coag- 
ulated, but  in  what  manner  this  change  is  induced  we  are  as  yet  unable  to 
offer  a  satisfactory  explanation. 

Casein,  when  mixed  with  the  cream  of  the  milk,  constitutes  the  fiit 
cheeses,  whilst  the  poor  or  thin  cheeses  are  prepared  from  skimmed  milk. 
In  the  ripe  or  decayed  cheeses  the  casein  has  partly  passed  into  a  state  of 
putre&ction,  and  consequently  is  changed  in  its  chemical  characters. 

4.  DIASTASE. 

155.  When  barley  b  moistened  with  water,  it  begins  after  some  days  to 
germinate.  The  germinated  barley,  when  dried,  is  termed  malt,  and  differs 
essentially  from  the  barley  which  yields  it.  If  we  mix  ground  malt  with 
water,  and  add  to  the  filtered  liquid  a  portion  of  spirit  of  wine,  the  diastase 
will  be  precipitated  in  admixture  with  albumen  and  gum.  This  substance 
is  distinguished  by  the  remarkable  property  of  transforming  starch  into  gum 
and  sugar,  in  the  same  manner  as  we  have  seen,  at  §  181,  this  change  can 
be  effected  by  acids.  Hence  malt  contains  but  little  starch,  the  greater  part 
being  transformed  by  the  diastase  into  gum  and  sugar,  as  is  proved  by  the 
sweet  taste  which  malt  possesses.  This  property  of  diastase  is  turned  to 
advantage  in  the  preparation  of  saccharine  fluids,  which  are  empl(^ed  for 
the  manufkcture  of  b^er,  brandy,  and  vinegar  (see  Fermentation,  §  160). 

Gelatin  (Glue). 

156.  Various  parts  of  the  animal  body,  particularly  the  skin,  cartilage, 
and  the  soil  portions  of  the  bones  (comp.  §  51),  dissolve  completely  by  long 
ebullition  in  water,  and  produce  a  liquid  which  solidifies  on  cooling  to  a  jelly, 
which,  after  being  dried,  is  termed  gelatin.    Hence  those  parts  of  the  animal 
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Mij  m  «l80  termed  tbe  ffekitmmu  formatimis.    The  ftpplieatioB  of  eoMBMn 
gdatin  or  glme  as  a  eement  is  well  koown. 

The  purest  gelatin  is  prepaffed  by  dissolving  isingkiSB  in  boiling  water, 
whereby  we  obtain  a  ooloarless,  odourless,  and  tasteless  liquid.  The  gelatin, 
when  dry,  is  unaltered  by  ezposute  to  the  air,  but  wheA  boiled  for  eoote 
time  with  dilute  sulphnric  aeid  it  is  eonverted  into  «i  ezoeedingly  sweet 
sugar,  which  is  termed  gelatin-^ngar.  A  remarkable  property  of  gelatin  is 
the  power  it  possesses  of  forming  wUh  tannic  acid  a  compound  which  is 
insoluble  in  water.  If  a  solution  of  this  substance  be  mixed  with  a  decoc- 
tion of  oak-bark  or  nutgails,  a  large  flocky  precipitate  is  immediately  jm- 
duoed. 

Leather. 

157.  The  animal  skin  can  be  transformed  into  such  a  peculiar  ccmdition, 
ihat  whilst  it  widistands  the  putrefactive  process,  it  at  the  same  time  afibrds, 
by  its  touffhness  and  pliability,  a  highly-valuable  material  for  different  pur- 
poses. The  skin  of  animak  in  this  form  is  termed  leather,  of  which  t&ree 
principal  kinds  are  known  in  commerce,  viz.,  Morocco,  shamois,  and  Rus- 
sian, besides  several  others. 

Sole-leath^,  or  shoe4eather,  is  nothing  more  than  an  insoluble  compound 
of  skin  with  tannic  acid.  In  the  preparation  of  this  variety,  the  hides  are 
first  sprinkled  wiUi  salt  and  piled  upon  each  other  in  pits,  where  they  spoii- 
taneously  hecU,  or  as  it  is  technically  called,  sweat,  and  admit  then  of  the 
hair  being  eanly  removed.  The  hides  are  afterwards  placed  in  ruuning 
water  until  they  toe  soft  and  porous,  and  then  they  are  thrown  into  pits 
oootaining  the  tan  liquor,  whidi  is  prepared  by  extracting  oak-bark  with 
water.  The  mom  perfecUy  this  liquid  penetrates  through  the  skin,  the 
more  oomplotely  will  the  latter  be  transformed  into  leather.  Several  months 
are  commonly  required  to  complete  Uie  process.  ^ 

The  hair  and  fat  adhering  to  the  skin  may  also  be  removed  by  treating 
the  hides  with  caustic  lime.  Af^r  the  process  is  completed,  and  the  Kme 
removed  by  the  aid  of  a  weak  acid,  the  properties  of  leather  are  given  to 
the  hides  by  maceration  in  a  solution  of  alum  and  salt,  as  in  the  preparation 
of  white  leathers;  or  they  are  converted  into  shamois  leather  by  frequent 
immersion  in  oil  and  pressing  them,  the  excess  of  oil  being  finally  removed 
by  a  solnti<m  of  a  caustic  al^ili. 

II.  PECULIAR  DECOMPOSITIONS  OF  ORGANIC  COMPOUNM. 

158.  From  what  has  been  advanced,  we  know  that  the  body  of  a  plant  or 
that  of  an  animal  is  an  agglomeration  of  different  substances,  with  which; 
both  in  reference  to  their  properties  as  well  as  to  their  chemical  composltioi^ 
we  are  already  acquainted.  Thus  tbe  chief  mass  of  the  animal  body  con- 
sists of  fibrin,  gelatinous  tissues,  albumen,  and  fat,  independently  of  phos- 
phate of  lime,  which  forms  the  solid  constituent  of  bones.  The  substance 
of  a  plant  is  composed  of  ligneous  fibre,  chlorophyl,  albumen,  gum,  starch, 
oil,  &c. ;  and  it  is  to  be  remarked,  that  most  of  these  animal  and  vegetable 
substances  are  either  held  in  solution  by  water  or  mollified  and  penetrated  by 
it,  as,  for  instance,  the  fibrin,  which  constitutes  the  muscle.  Hence  water 
18  to  be  considered  as  a  i»rincipal  constituent  of  these  bodies.     We  know, 
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nePMver,  tiia*  enbon,  hjdrogeny  ozjgen,iiitrogQii,  snlpknr,  and  pboefkormB, 
tre  the  elements  Ui«t  enter  into  ihe  oompoatioii  ii  these  snbsteaoeSy  whioh 
tepeeeeat  high]j-«oaiplicated  eompoond  groaps. 

/  Thus  the  Dod&es  of  phmts  and  animab  are  organisations  of  wondrons  oom- 
'  plexitj  and  diversify  of  matencU  and  $tructure;  and  so  bnff  as  the  breath 
of  life,  the  animating  principle,  is  present,  so  long  is  the  body  preserred 
tnmx  internal  decay,  and  protected  from  the  eztcurnal  effects  of  wind  and 
weather.  Bat  as  soon  as  the  vital  principle  has  quitted  the  corporeal  stmc- 
tne,  the  oonstitaent  parts  obey  the  law  of  chemiod  attraetion.  The  highly- 
ecMDplex  groups  of  the  body  can  no  longer  exist  as  such ;  they  separate  or 
ML  to  pieces,  and  theur  molecules  arrange  themselves  in  simpler  combina- 
tions, which  i^pear  as  products  of  decomposition.  Still  the  decay  of  the 
body  is  not  merely  occasioned  by  the  highly-complex  nature  of  its  internal 
stroetare,  but  the  influence  of  the  surrounding  oxygen  and  the  water  of  the 
atmo^hcone  likewise  oontribute  essentially  thereto,  and  give  for  tJie  most 
part  the  primary  and  principal  impulse  to  decomposition. 

This  process  is  still  more  rapidly  and  completely  effected  by  the  joint 
inflnenoe  of  a  higher  temperature.  If  the  influence  of  external  air  be 
excluded,  the  process  of  decomposition  receives  the  name  of  dry  diUillatxan, 
whilst  the  transition  of  organized  bodies  into  simple  combinations,  by  the 
action  of  air  and  water  at  the  common  temperature,  is  called  ip(mt<me(nt8 
deeompodtUm. 

It  is  evident  that  all  the  products  resulting  from  the  decay  of  OTganio 
bodies  must  be  of  more  simple  composition  than  the  bodies  themselves,  that 
they  can  contain  only  the  same  simple  materials  which  we  find  in  tiiose 
oiganic  bodies,  and  that  the  sum  of  their  weight  can  only  exceed  the  weight 
of  the  decomposed  body,  when,  during  the  process  of  decomposition,  oxygen 
and  water  have  bees  absorbed  from  the  atmosphere. 

(1.)  Spontaneous  Decomposition. 

159.  The  resolution  of  organic  bodies  into  simple  compounds,  at  the  ordi- 
aary  temperature,  is  ealled  spontaneous  decomposition.  This  process,  how- 
ever, under  different  circumstances  has  received  dififorent  appellations.  If 
the  decomposed  body  contained  sugar,  and  if  alcohol  be  found  among  the 
products  of  decomposition,  the  process  is  called  fermentation.  If  putrid 
odours  are  evolved  during  the  decomposition,  it  is  termed  fnUrefaction, 
When  an  organic  body  is  destroyed  by  the  combined  influence  of  atmospheric 
oxygen,  li^t,  and  moisture,  it  is  said  to  be  rotted  or  decayed.  ^^ 

Fermentation. 

160.  In  all  the  saccharine  juices  of  plants,  as,  for  instance,  in  the  juice 
of  the  grape,  of  fruit,  of  the  sugar-cane,  of  the  beet-root,  in  an  infusion  of 
malt  (§  155),  there  is  found,  in  addition  to  sugar,  a  nitrogenous  substance, 
in  general,  albumen  or  vegetable  fibrin.  When  such  a  liquid  is  exposed  to 
the  air,  there  first  commences  a  change  in  the  nitrogenous  constituent,  which 
absorbs  oxygen,  and  slowly  separates  from  the  Squid  in  the  form  of  a 
brownish  precipitate,  called  yecut  or  ferment.  It  appears  as  if  this  change, 
goinff  on  at  every  point  of  tiie  entire  liquid  mass,  gives  the  first  impulse  to 
the  decomposition  of  the  sugar;  for  as  soon  as  the  process  has  commenced, 
the  group  of  partides  forming  the  sugar  arrange  themselves  in  two  other 
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groaps,  yiz.,  into  aloohol  and  oarbcmio  neid.  The  latter^  wkkh  si 
point  of  the  sarfaee  of  the  liquid  rises  in  small  bubbles,  occasions  the  Inch- 
ing or  rising  of  the  liquid,  whereby  the  fermentative  process  is  my  readily 
reooffnised. 

The  decomposition  of  sugar  into  aloohol  and  carbonic  acid  may  be  repre- 
sented by  the  fdlowing  formula : 

1  atom  of  anhydrous  grape-augar  ==  C,,  H,j  0,2  decomposes  into 

2  atoms  of  alcohol  =  C-  H„  O4  and  ( o    n    n 

4  atoms  of  carbonic  acid  «  C^Oj.  (  "^  ^i«**i«"ii 

The  fermentation  is  completed  when  all  the  sugar  is  converted  into  alcohol; 
the  liquid  is  then  put  ioto  a  still  and  the  alcohol  separated  by  distillation. 

The  yeast,  separated  as  a  deposit  during  the  process  of  fermentation, 
possesses  the  property  of  exciting  the  decomposition  of  a  new  portion  of 
saccharine  liquid,  with  which  it  may  be  mixed,  a  very  minute  quantity  of 
yeast  being  sufficient  to  cause  the  fermentation  of  a  very  lar^  quantity 
of  sugar.  Finally,  however,  the  yeast  loses  the  power  of  exciting  fermen- 
tation, by  the  completion  of  its  own  decomposition. 

The  fermentation  of  saccharine  liquids,  however,  does  not  take  place  under 
all  circumstances.  The  contact  of  atmospheric  air,  and  a  tomperature  of 
from  20^  to  30^  C.  (68°  to  86°  P.)  is  necessary.  Under  10°  C.  ^50**  F.) 
fermentation  does  not  proceed.  Certain  substances  when  added  to  ferment- 
able liquids,  only  in  very  minute  quantities,  have  the  power  of  preventing 
decomposition ;  such  are,  for  instance,  volatile  oil  of  mustard,  sulphurous 
acid,  nitrous  acid,  and  several  others. 

.  '^  Yeast  loses  its  power  of  exciting  fermentation  when  perfectly  dried  or 
heated  to  a  temperature  of  100°  C.  (212°  F.),  or  if  mixed  with  alcohol, 
acids,  or  alkalies.  Artificial  yeast,  or  leaven,  is  prepared  by  exposing  a  pie<^ 
of  dough  for  some  days  to  a  moderate  temperature,  until  it  acquires  a  vinous 
odour.  ^^ 

Spirituous  Drinks. 

161.  These  liquids  are  all  products  of  the  fermentation  of  saccharine 
fluids,  and  are  either  prepared  by  subsequent  distillation,  as  spirit  of  wine, 
and  the  various  kinds  of  brandy ;  or  without  distillation,  as  wine  and  beer. 

Distilled  spuituous  liquors,  of  course,  contain  only  volatile  constituents, 
their  chief  bulk  being  alcohol  and  water.  In  general,  they  are  distinguished 
by  different,  and  more  or  less  agreeable  flavours,  according  to  the  substance 
from  which  they  are  derived.  The  cause  of  this  is,  that  during  the  ferment- 
ation of  these  substances  a  peculiar  volatile  oil  or  ether  is  formed,  whidi 
possesses  a  characteristic  odour,  and  imparts  it  to  the  spirit  Thus  the  spirit 
prepared  from  potatoes  and  com  owes  its  odour  and  flavour  to  the  presence 
of  fusel-oil  (§  142).  Rum  is  prepared  from  cane-sugar,  and  arrack  from 
fermented  rice.  On  the  table-lands  of  Asia  the  inhabitants  prepare  a  highly- 
intoxicating  beverage  from  milk-sugar. 

Starch  is  converted  into  grape-sugar,  both  by  means  of  sulphuric  acid  and 
also  by  diastase  (§  155),  hence  we  in  general  avail  ourselves  of  amylaceous 
vegetable  matters  for  the  preparation  of  spirit.  Mashed  grain,  or  boiled 
potatoes,  are  for  this  purpose  mixed  in  the  fermenting  vat  with  the  mash  and 
afterwanis  distilled. 

Various  amounts  of  alcohol  are  contained  in  wine,  according  to  the 
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ornaiitj  of  saocharine  matter  in  the  grapes.  Whilst  the  ordiaary  wines  of 
Germany  oontain  odIj  about  8  to  10  per  cent  of  aloohol,  and  the  strougest 
Kheniah  wine  from  12  to  14  per  cent,  we  find  in  the  wines  of  the  south  of 
France,  Spain  and  Portugal,  from  18  to  20  per  cent  The  wine,  besides 
aieohol,  contains  those  constitaeut  parts  of  the  grape-juice  which  are  soluble 
in  the  spirit  In  addition  to  colouring  matters,  wine,  especially  Rhenish 
wine,  contains  bitartrate  of  potassa  (§  120),  which  imparts  to  it  ao  acid  taste. 
We  also  find  in  many  wines,  especially  those  of  the  south  of  Europe,  sugar, 
which  occurs  naturally  in  it^  or  sometimes  is  intentionally  added  to  it  The 
bouquet  of  wine  is  due  to  the  presence  of  peculiar  ethereal  liquids.  Red 
wine  contains,  besides  the  colouring  matter,  a  portion  of  tannic  acid,  which 
imparts  to  the  wine  an  astringent  flavour. 

Beer  is  prepared  by  infusing  germinated  barley  (malt)  in  hot  water,  and 
boiling  the  sweet-wort  thus  obtained  with  hops ;  it  is  afterwards  placed  in  a 
vide  exposed  vessel  called  a  cooler,  where  its  temperature  is  reduced  as  v^ 
quickly  as  possible.  The  cooled  liquid  is  then  conveyed  to  the  open  fermenting  ^  'J 
tun,  in  which  it  undergoes  a  slow  process  of  fermentation  until  nearly  all  the 
sugar  is  converted  into  alcohol,  when  the  beer  is  either  drawn  ofif  for  imme- 
diate use  or  barrelled  for  the  cellar.  >^ 

The  constituents  of  beer  are,  besi(Ies  water,  from  4  to  5  per  cent  of  alcohol, 
sugar,  gum,  which  imparts  to  the  beer  its  viscidity,  the  bitter  principle  of 
the  hops,  and  carbonic  acid,  which  is  the  cause  of  its  frothing.  Beer  very 
readilv  becomes  what  is  called  sour  or  stale,  that  is,  its  alcohol  is  easily  con- 
verted into  aceUc  acid ;  and  the  weaker  the  beer  the  more  readily  is  this 
change  induced.  This  acidification  is  retarded  by  the  bitter  principle  and 
volatile  oil  of  the  hops,  and,  consequently,  strongly-hopped  bitter  beer  can 
be  preserved  in  a  potable  condition  for  a  longer  period  than  sweet  beer.  A 
low  temperature,  however,  is  essential  to  the  preservation  of  the  beer,  and 
therefore  it  is  generally  placed  in  cellars  where  the  temperature  even  in 
summer  does  not  exceed  8**,  or  at  most  10^  C.  (46°  to  50°  F.). 

f  Acetic  Fermentation. 

163r  Acetio  fermentation  depends  upon  the  conversion  of  alcohol  into 
acetic  acid,  by  the  influence  of  atmospheric  oxygen.,^  One  equivalent  of 
spirit  of  wine  (04HfiO2),  combines  with  four  equivalents  of  oxygen,  and 
forms  one  equivalent  of  acetic  acid  C4H4O4),  and  two  equivalents  of  water 
(2H0).  Acetic  acid  is  manufactured  by  exposing  alcoholic  liquids,  at  a 
temperature  of  from  28°  to  35°  C.  (80  to  95°  F.) 
to  the  air.  A  great  variety  of  substances  are  em- 
ployed in  the  manufacture  of  acetic  tuiid,  sQoh  as 
the  refuse  obtained  in  making  beer  and  wine.  In 
general,  however,  a  fermented  mash  (§  161)  is  used 
and  placed  at  suitable  temperature  in  partially-closed 
vessels.  The  alcohol  is  thus  slowly  transformed 
into  vinegar,  the  process  being  completed  as  soon 
as  the  liquid  beeomee  clear. 

Alcohol  may  be  very  readily  converted  into  acetio 

acid  by  allowing  dilute  spirit  of  wine  to  percolate 

several  times  through  a  vessel  filled  with  shavings 

of  wood  (fig.  65).     A  very  large  surface  of  spirit 
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being  tbos  exposed  to  the  inflaenoe  of  the  oxygen  of  the  atmoqphere,  the 
process  is  mach  facilitated. 

Putrefaction. 

163.  This  process  yields  products  of  a  character  very  different  from  the 
foregoing.  Here  also  it  is  necessary  to  bear  in  mind  the  elements  of  vegeta- 
ble and  animal  bodies  before  we  can  pretend  to  form  any  precise  idea  of  the 
products  that  result  from  their  putre&ction.  These  are  not  the  same  under 
all  circumstances,  but  vary  essentially  according  as  the  putrefactive  process 
takes  place  at  a  lower  temperature  and  in  the  presence  of  water,  or  at  a 
higher  temperature  with  exclusion  of  moisture.  Furthermore,  animal  sub- 
stances yield,  in  consequence  of  the  large  proportion  of  sulphur  and  nitrogen 
which  they  contain,  certain  products  in  larger  quantities  than  do  vegetM>le 
substances,  which  are  not  so  rich  in  these  elements. 

We  may  generally  assume  that,  when  the  putrefactive  process  takas  place 
at  a  lower  temperature  and  in  the  presence  of  much  water,  hydrogen  ooa- 
pounds  are  chieflj  formed )  whilst  at  a  higher  temperature  and  with  le« 
water,  oxyaen  compounds  are  produced. 

The  following  view  may  assist  in  rendering  this  mode  of  deoompoaition 
more  intelligible :  — 

Products  of  the  DsooifPOBrriOH  of  Vbobtablb  and  Akdcal  Matters. 


with  much  Water  and  at  a  lower  Temperature. 

!  With  lltUe  Water  and  at  a  higher  Tenperature. 

Water HO 

Water HO 

Carbonic  Acid CO- 

Carbide  of  Hydrogen  (Marsh  Ga8).CH2 
Sulphide  of  Hydrogen  (Hydro-  (no 

snlphnrio  Acid) \  ^^ 

Phosphide  of  Hydrogen  (Phos-  (  po 

phoretted  Hydrogen) \  *^"» 

Ammonia NH, 

Snlphnrio  Acid SO, 

PhosDhorie  Acid PO- 

Nitric  Acid « .NO- 

x(OCSPNH). 

x(HC8PN0). 

It  is  noty  however,  to  be  inferred  that  these  products  are  so  ezclnsively 
formed  as  is  represented  in  the  above  table.  On  the  contrary,  the  prodnots 
of  the  one  scries  are  more  or  less  produced  among  those  of  the  other,  ao- 
oordinff  to  circumstances.  Frequently  at  the  commencement  of  the  process, 
when  tnere  is  still  much  water  present,  there  appears  more  of  the  first  series, 
and  towards  the  termination  there  is  more  of  the  other,  or  the  first  pass 
subsequently  even  into  the  ozygen-compouods.  The  products  which  are 
formed  likewise  combine  with  each  other,  and  produce  more  complex  com- 
pounds, such  as  carbonate  and  nitrate  of  ammonia,  sulphide  of  ammonium, 
and  many  others. 

The  medium  surrounding  the  decomposing  body  itself  has  great  influence 
on  the  nature  of  the  products  formed  during  spontaneous  decomposition. 
If  strong  bases  be  present,  particularly  potassa  or  lime,  acids  are  chiefly 
formed  which  unite  with  these  bases.  On  this  depends  the  formation  of 
nitric  acid,  as  already  noticed  (§  33). 

All  the  above-mentioned  products  of  decomposition  exist  in  manures, 
whether  solid  or  liquid,  and  on  their  presence  depends  chiefly  the  nutritive 
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quality  of  these  agentfi  as  food  of  plants.  But  as  these  comhinations,  with- 
out ezceptioD,  are  volatile,  manures  lose  their  efficiency  by  exposure  to  the 
atmosphere.  Hence  many  attempts  have  been  made,  by  the  addition  of 
substances  such  as  lime,  clay,  gypsum,  sulphate  of  iron,  sulphuric  acid,  &c., 
to  fix  those  volatile  acids  and  bases,  and  to  retain  them  in  the  manure. 
/  164.  Putrefaction  is  prevented  by  excluding  the  influence  of  water  or  of 
/the  air,  or  br  a  very  low  temperature.  All  thoroughly-dried  animal  and 
vegetable  substances  are  not  susceptible  of  putrefaction.  Drying  is  accom- 
plished either  by  exposure  to  the  atmosphere,  by  artificial  heat,  or  by  the 
appliceaUon  of  such  substances  as  have  the  property  of  abstracting  the  water 
on  account  of  the  greater  affinity  they  have  to  this  fluid.  Such  substances, 
for  example,  are  common  salt  and  sugary  and  on  this  principle  depends  the 
process  of  curing  by  means  of  these  substances.  Spirit  of  wine  has  the 
same  effect  on  substances  which  are  immersed  in  it  If  meat,  vegetables, 
and  similar  kinds  of  provisions  be  put  into  tin  vessels  which  are  filled  with 
hot  water,  and  on  which  is  soldered  a  perfectly  air-tight  lid,  and  if  then 
they  ai«  heated  for  some  hours  in  boiling  water,  such  provisions  can  be  kept 
more  than  a  year  without  their  undergoing  any  chanee.  This  mode,  dis- 
covered by  Appert,  is  indeed  adopted  in  preserving  food  for  long  sea-voyages 
or  for  winter  store.  The  success  of  this  process  altogether  depends  on  the 
complete  exclusion  of  the  oxygen  of  the  atmosphere. 

A  mammoth,  an  animal  which  is  now  extinct,  has  been  discovered  in  Si- 
beria froien  in  the  ground.  The  hide,  hair,  and  flesh,  were  found  to  be  in 
a  perfect  state  of  preservation,  so  that  the  flesh  was  eaten  by  dogs.  This 
animal  must  have  remained  at  least  several  thousand  years  in  this  condition, 
and  it  affords  a  very  remarkable  and  convincing  proof  that  cold  prevents 
the  process  of  putrefaction.  \ 

Many  substances  which  arrest  fermentation  prevent  or  delay  also  putre- 
fiu^tion,  such  as  creosote,  pyroligneous  acid,  and  likewise  arsenic  and  corro- 
sive sublimate.  The  preparation  of  mummies  depends  on  this  principle,  viz., 
that  of  drying  the  body  as  much  as  possible,  and  subsequently  introducing 
a  variety  of  antiputresoent  substances. 

^  Slow  Carbonization. 

^^  165.  When  the  remains  of  plants,  for  example,  wood,  stems,  roots,  moss, 
Ac.,  under  partial  or  complete  exclusion  of  atmospheric  air  and  water,  are 
submitted  to  spontaneous  decomposition,  their  oxygen  and  hydrogen  are 
slowly  eliminated  from  the  mass  in  the  form  of  carbonic  acid,  water,  and 
carburetted  hydrogen  (marsh-gas),  while  the  residue  becomes  continually 
richer  in  carbon.  This  change  is  easily  recognised  by  the  colours  of  the 
bodies,  which  are  so  much  the  darker  the  more  completely  the  carbonization 
has  b^n  effected.  The  change  produced  may  be  also  proved  by  chemical 
investigation.  The  products  which  remain  are  ligneous  earth,  mould,  turf, 
peat,  and  the  different  varieties  of  coal.  All  these  substances  are  distin- 
guished by  the  extent  to  which  decomposition  has  taken  place.  The  most 
important  member  of  the  series  is  common  coal. 

In  ordinary  cultivated  soils  there  is  always  present  a  large  portion  of 
partially-decomposed  vefletable  remains,  termed  humu$,  which  frequently 
communicates  to  the  soil  a  darker  colour  than  is  possessed  by  the  unculti- 
vated subsoil. 
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In  consequence  of  the  gradual  decompoeition  of  vegetable  gabatanoea,  we 
find  in  certain  localities  different  kinds  of  carbonaoeooa  materials,  aocumu- 
lated  in  such  large  masses  as  to  be  available  as  fuel.  In  &ot,  the  forests 
growing  on  the  whole  surface  of  the  earth,  would  be  insufficient  for  our 
daily  consumption,  if  we  could  not  have  recourse  to  the  treasures  which  for 
thousands  of  years  have  been  accumulated  in  the  bowels  of  the  earth.  The 
vast  importance  of  combustible  substances,  renders  a  more  detailed  aooount 
of  them  expedient. 

166.  Turf  is  undoubtedly  the  most  recent  of  the  carbonaceous  fi>rmatians. 
It  owes  its  origin  principally  to  the  turf-moss,  as  it  b  called,  (/S^Ao^vm 
jxdustrey)  which  frequently  covers  the  whole  surface  of  extensive  moist 
moors.  When  the  roots  and  under  parts  of  the  moss  perish,  there  grows 
up  a  new  covering  of  moss,  which  also  decays  in  the  foUowing  year,  and 
thus  the  vegetable  mould  increases  by  soccessive  annual  depositions,  which 
in  the  course  of  from  eighty  to  one  hundred  years  become  a  considerably 
deep  accumulation.  The  carbonising  process  is  incessantly  active ;  the  nnd^ 
layers  increase  in  blackness  and  become  consolidated  by  the  pressure  of  the 
superincumbent  mass.  Hence  the  best  turf  is  the  oldest :  its  black  appear- 
ance and  great  density  scarcely  allow  us  to  recognise  it  as  a  vegetable  product 
The  more  recent  turf  is,  on  the  contrary,  brown,  of  a  looser  texture,  and 
evidently  appears  to  be  a  formation  of  vegetable  mould,  half-decayed  stems 
of  mosses  and  of  roots,  and  dead  parts  of  all  sorts  of  plants  that  generally 
grow  in  such  places. 

Under  particular  circumstances,  the  turf  is  more  or  less  mixed  with  earthy 
matter.  Sometimes  the  latter  substance  is  found  in  scarcely  appreciable 
quantities,  while  occasionally  it  amounts  to  from  30  to  40  per  cent,  of  the 
whole.  In  the  latter  case,  the  greater  specific  gravity  of  the  turf  is  no 
certain  proof  of  its  good  quality ;  therefore,  in  determining  the  value  of  the 
turf,  we  must  take  into  consideration  the  amount  of  ash  which  it  yields. 

167.  The  formation  of  broiorircoal  (n  species  of  coal  which  occurs  in  many 
parts  of  Germany)  is  ascribed  to  a  penod  anterior  to  the  histcnry  of  the  human 
race.  More  or  less  large  masses  of  wood  have  been  suddenly  buried,  or 
gradually  concealed  and  changed  in  appearance,  by  the  constant  accumulation 
of  earthy  deposits.  Brown-coal  presents  the  remarkable  transition-process 
between  ordinary  coal  and  mere  wood,  and  this,  of  course,  differs  according 
to  the  oiroumstance&  under  which  the  coal  has  been  formed.  In  brown-coal 
are  found  stems  with  the  woody  annular  rings  quite  apparent;  also  seeds, 
leaves,  and  bark.  Some  specimens  of  this  formation,  on  the  contrary,  are 
earthy,  or  black  and  solid,  i^ording  no  indications  of  a  ligneous  or  vegetable 
origin.  The  brown-coal,  the  name  of  which  is  derived  nrom  its  colour,  has 
considerable  density,  acquired  by  the  pressure  of  the  mass  of  earth  under 
which  it  has  been  formed.  We  can  form  an  idea  of  this  enormous  pressure 
from  the  fact  that  trunks  of  trees  originally  cylindrical  have  been  flattened 
and  pressed  into  an  elliptical  shape.  This  kind  of  coal  is  an  excellent  fuel, 
though  sometimes  associated  with  sulphide  of  iron,  which  gives  to  it  a  disa- 
greefa>le  odour  when  burned. 

168.  The  origin  of  our  common  coal  must  be  ascribed  to  a  still  earlier 
period.  This,  as  well  as  brown-coal,  is  undoubtedly  of  v^table  ongin, 
being  formed  frt)m  stems  of  trees  and  other  ligneous  matter.  But  these,  in 
a  long  series  of  years,  and  by  constant  pressure,  have  been  so  much  altered, 
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tlia^,  for  h  long  time,  the  vegetable  origin  of  coal  was  doubted.  This  doubt, 
however,  has  Deen  removed,  on  the  one  hand,  by  the  fact  that  turf  and 
broim-coal  form  a  transition-series  between  the  vegetable  matter  and  common 
ooal,  and,  on  the  other  hand,  by  the  circumstance  that  difiPcrent  remains  of 
plants  OT  vegetable  fossils  are  everywhere  associated  with  the  coal.  Even 
stems  of  well-known  forms  of  vegetation  have  been  discovered.  The  micro- 
atope  also  plainly  reveals  the  ceUnlar  structure,  even  in  the  most  solid  coal. 

The  difficulty  of  accounting  for  such  astonishing  masses  of  ooal,  sometimos 
found  in  layers  of  40  feet  thick,  is  still  unresolved.  It  is  certain  that  the 
earboQisation  of  such  enormous  masses  of  wood  must  have  been  a  procet^s 
of  many  thousands  of  years'  duration. 

Goal  is  compact,  black,  and  shining.  Its  specific  gravity  is  1*3,  and  if 
compared  with  the  density  of  wood  and  of  charcoal  (§  49,  and  Physics, 
§  34,)  it  becomes  evident  that  the  same  bulk  of  ooal  contains  a  far  larger 
quantity  of  combustible  matter.  On  this  account  it  is  an  excellent  fuel, 
but  being  denser,  it  is  more  difficult  to  kindle,  and  requires  a  greater  supply 
of  air  to  keep  it  in  combustion  than  either  wood  or  charcoal. 

We  are  not,  however,  entitled  to  consider  coal  as  pure  carbon.  It  always 
contains  oxygen,  hydrogen,  and  a  small  quantity,  viz.,  from  1  to  2  per  cent., 
d  nitrogen.  Moreover  we  meet  with  certain  mineral  constituents,  particu- 
larly 9u^ur  in  combinadon  with  iron.  It  is  evident  that  the  dense  super- 
incumbent mass  of  earthy  matter  on  the  carbonaceous  strata  has  prevented 
their  complete  carbonization.  The  carbonization,  however,  can  be  accom- 
plished by  a  process  analogous  to  that  used  in  the  carbonizing  of  wood 
(§  49).  In  thb  process  the  sulphur,  which  is  so  prejudicial  to  the  use  of 
coal,  is  in  the  mean  time  separated  firom  it :  the  product  obtained  is  called 
coke.  As  this  material,  with  the  exception  of  its  mineral  constituents, 
consists  entirely  of  carbon,  and  possesses  a  great  density,  it  forms  the  most 
valuable  of  all  fuels  when  a  high  degree  of  heat  is  required  in  a«mall  space. 
Hence  it  is  almost  exclusively  employed  in  generating  steam  in  looomotives. 
Coke  has  a  gray  shining,  almost  metallic,  sometimes  a  slaggy,  appearance, 
and  is  so  dense  that  it  sounds  when  struck  with  a  hard  body.  Coal  is  found 
under  a  great  variety  of  aspects,  and  of  very  unequal  composition  and 
quality,  as  the  subjoined  tabular  view  shows  very  conspicuously.  It  is 
evident  that  it  is  of  less  value  the  more  mineral,  and  consequently  incom- 
bustible, materials  it  contains.  The  different  kinds  of  coal,  when  pulver- 
ized and  heated,  comport  themselves  in  three  ways.  They  either  swell 
up  and  finally  cake  together,  and  are  therefore  distingubhed  as  cakiitg-coal, 
this  kind  being  particularly  adapted  for  forges  and  for  gas-lighting :  or  the 
particles  of  pulverized  coal  sinter  together,  and  this  coal  is  therefore  called  . 
sinter^<x>al ;  whilst  the  so-called  sand-coal  remains  powdery.  The  latter  is 
much  less  valuable  than  the  other  varieties.  One  of  the  best  kinds  of  coal 
oceorring  in  England  is  the  cannely  or  candle-^oal,  which  bums  with  a 
beaatifoUy  dear  flame;  hence  its  name.  This  property  and  the  applicability 
of  ooal  for  gas-lighting  depend  chiefly  on  the  amount  of  hydrogen  it  contains. 

169.  Now  that  we  have  in  the  preceding  sections  become  acquainted  with 
wood,  turf,  brown-coal,  and  coal,  we  will  subjoin  some  general  considerations 
in  reference  to  the  value  of  these  various  combustibles,  as  materials  for  fuel. 
All  our  modes  of  obtaining  artificial  heat  depend  on  the  combination  of 
carbon  and  hy^ogen  with  oxygen,  which  produces  the  phenomena  of  com- 
bustion.     X 
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HeDoe  it  may  be  stated  as  a  rule  that  those  bodies  which  contaiD  in  an 
equal  weight  the  largest  quantity  of  unoxidiaed  carbon  and  hydrogen  are  the 
most  valuable  fuels.  In  100  lbs.  of  green  wood  we  have  only  20  lbs.  of 
carbon,  while  100  lbs.  of  dry  wood  contain  40  lbs. 

The  heat  which  fuel  yields  is  entirely  dependent  on  the  manner  of  its 
combustion,  since  equal  weights  of  coal  under  similar  circumstances,  when 
perfectly  consumed,  yield  an  equal  supply  of  heat.  A  perfect  combustion, 
however,  is  such  wherein  no  particle  of  carbon  escapes  without  being  con- 
verted into  the  highest  oxygen  compound,  namely,  carbonic  acid. 

An  evident  loss  of  heat  is  experienced  in  every  furnace  from  which  un- 
consumed  gas  and  vapour,  in  the  form  of  smoke,  or  inflammable  gas  (car- 
bonic oxide,  which  bums  with  a  blue  flame),  escapes  into  the  atmosphere. 

In  the  use  of  fuel  the  following  points  are  of  importance,  viz.,  the  quan* 
tity  of  carbon,  hydrogen,  water,  and  mineral  substances  which  they  contain ; 
then  the  density }  and  finally,  the  most  perfect  combustion  by  a  sufficient 
draught  of  air. 


GOMPABISON   of  VaBIOUB   FuBLS. 
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Oxygen. 

Minerml 
Constitaents. 

Charcoal 

0-187 

108 

1-28 

1-81 

1-37 

1-27 
0-728 

9907 

95 

87 

67 

66 

58 

61 

49 

40 

6* 
5 

4-8 
5-9 
5 
6 

5 

8 
18 
81 
80 
44 

0-08 
to5 
X-8 
2-5 
2-7 
4-6 
1-29 

Coke 

JCaking-ooal 

CftDn^l-ooal.  •.■«••«•■  .....•••■.*.*.. 

Brown-coiJ  (best  quality) 

Turf  rbest  QualitT^ 

Brown-ooal  rliimeous^ 

Beeoh-woodr^ 

Ditto  /dried  in  the  ^^ 

The  above  table  clearly  shows  that  the  proportion  of  oxygen  decreases  in 
the  same  ratio  as  we  proceed  towards  older  carbonaceous  formations;  whilst 
in  wood  we  find  44  per  cent,  of  oxygen,  the  quantity  in  many  kinds  of  coal 
decreases  to  about  5  per  cent  i 


(2.)  Dry  Distillation. 

170.  The  materials  which  are  submitted  to  this  process  for  the  sake  of 
the  products  obtained,  are  coals,  wood,  and  the  flesh  of  animals.  The  pro- 
cess is  conducted  in  large  manufactories,  where  the  materials  to  be  decom- 
posed Kte  heated  in  iron  vessels  of  various  forms,  and  to  which  suitable 
arrangements  are  appended  for  condensing  and  dollecting  the  volatile 
products. 

The  combinations  formed  during  the  distillation  depend  chiefly  on  the 
composition  of  the  bodies  submitted  to  this  process. 

The  following  table  affords  a  view  of  the  different  nature  of  the  products 
obtained: — 
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Products  obtained  from  the  B&t  Distillation  of — 


Coal. 

Wood. 

AiriMAL   SUBSTAKCES. 

Ammonia.. 

Volatac  Tar  OU 
Tar 

HO 
NH, 
CHO 
CHO 
C»Ha 

CH, 

C4H4 
SO, 
CO, 
CO 

Water... 

HO 

CH4O, 

C4H4O4 

CHO 

CHO 

C^HiO, 

CH, 

CO, 
CO 

C 

Water 

HO 
NH4S 

NH4Cy 

NH40,C0, 

CHON 
CHON 

CH, 

PH, 

CO, 
CO 

NC 

Napbtba 

Sulphide  of  Am- ) 
monium j 

Acetic  Acid 

Volatile  Tar  Oil 
Tar 

Cyanide  of  Am-) 
monium | 

Carbonate  of  Am- j 
monia j 

Nsphtkatine 

Carburetted     ) 
Hydrogen    J 

Olefiant  Gas 

SalpbimmsAoid 
Carbonic  Aeid.. 
Carbonic  Oxide. 

As  Residue: 
Coke. 

Creosote.. 

Carburetted    ) 
Hydrogen  ) 
Carbonic  Acid . 
Carbonic  Oxide 

As  Residue : 
Charcoal.... 

Volatile  Tar  Oil 

Tar 

Carburetted  Hy- ) 
drogeo 

Phonphuretted       \ 
Hydrogen j 

Carbonic  Aoid 

Carbonic  Oxide 

As  Residue: 
Nitrogenous  Carbon 

X 

C,H,0,S,N 

X 

C,H,0 

X 

C,H,0,S,N,P 

Here,  as  well  as  in  the  putrefactive  process,  the  products  of  the  one  series 
appear  amonff  those  of  the  other  series,  though  always  subordinate  in  quantity. 

Id  genend  the  hydrogenated  products  appear  first,  such  as  acetic  acid, 
naphtha,  volatile  oils,  and  water  containing  ammonia,  which,  however,  are 
soon  partly  decomposed,  and  thus  give  rise  to  simpler  combinations,  such  as 
carburetted  hydrogen,  carbonic  acid,  and  carbonic  ozide.  The  tar  which 
appears  in  each  of  these  cases  is  a  body  of  no  definite  chemical  composition, 
but  rather  a  mixture  of  many  substances,  particularly  of  volatile  oils,  and  is 
coloured  black  by  carbon.  Several  of  the  substances  found  in  the  tar,  on 
account  of  their  properties  and  practical  utility,  have  become  objects  of  man- 
ufacturing industry ',  thus,  for  instance,  is  obtained  from  this  substance,  by 
distillation  with  water,  the  volatile  tar-oil  which  is  employed  as  an  illuminat- 
ingmaterial  and  as  a  solvent  of  caoutchouc. 

The  tar  and  tar-oil  obtained  from  animal  substances  are,  however,  on 
account  of  their  penetrating  and  offensive  odour,  scarcely  fit  to  be  applied  to 
any  useful  practical  purpose. 

The  employment  of  carburetted  hydrogen  as  an  illuminating  material  has 
already  been  noticed  in  §  56.  Niaphihaltne  is  a  constituent,  especially  of 
the  coal-tar,  crystallizing  in  nacreous  plates.  It  possesses  a  peculiar  and  not 
unpleasant  odour,  characterisdc  of  lamp-black,  which  always  contains  a 
portion  of  this  substance.  Creosote  is  an  oily,  colourless  liquid,  which  is 
obtained  also  from  tar,  and  possesses  in  a  high  degree  the  odour  of  smoke. 
It  has  an  extremely  hot  taste,  and  is  in  some  degree  a  preventive  of  putre- 
faction and  fermentation. 

Ammonia  and  its  important  combinations  obtainable  from  animal  sub- 
stances by  the  process  of  distillation  have  been  already  described  in  §  78. 
The  impure  distillate  which  contains  the  ammonia  is  employed  in  medicine 
under  the  name  of  spirit  of  hctrtshom.  PyroligneotLs  acid  is  used  in  the 
preparation  of  acetic  acid  and  of  acetates,  particularly  of  acetate  of  lead. 
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This  kiDd  of  vioegari  on  account  of  its  creosotic  flavour,  is  never  employed 
in  domestic  economy.  Like  nearly  all  the  products  of  dry  distillation,  it 
possesses  the  property  of  arresting  or  preventing  putrefaction  and  fermenta- 
tion. Naphtha,  or  hydrated  oxide  of  methyl  (CaHsO,  HO),  obtained  in  the 
dry  distillation  of  wood,  possesses  properties  analogous  to  those  of  ordinary 
alcohol.  Its  radical,  termed  methyl  (OsHs),  yields  a  class  of  compounds 
possessing  peculiar  interest,  and  presenting  the  most  complete  parallelism  in 
properties  and  composition  to  those  of  ethyl.  Naphtha  is  colourless  and  of 
not  unpleasant  odour,  and  is  employed  in  Great  Britain  as  a  fuel  for  lamps, 
being  less  expensive  than  the  highly-taxed  spirit  of  wine. 

Natural  Products  of  Distillation. 

171.  We  are  taught  from  the  structure  and  origin  of  the  crust  of  the 
earth  that  at  different  epochs  the  upper  stratum  has  been  ruptured  by  streams 
of  glowing  mineral  substances  proceeding  from  the  interior  of  the  ^artb.  In 
places  where  this  melted  matter  came  in  contact  with  those  strata,  the  latter 
have  been  more  or  less  altered  in  their  qualities.  If  this  action  took  place, 
for  example,  in  the  vicinity  of  coal,  this  material,  through  the  influence  of 
intense  heat,  might  have  been  altered  in  the  same  manner,  and  might  have 
yielded  exactly  such  products  as  if  submitted  to  dry  distillation.  Anthracite 
(§  52)  is  justly  considered  as  the  result  of  the  action  of  heat  upon  coal, 
since  it  contains  as  little  oxygen  and  hydrogen  as  coke,  from  which  it  differs 
merely  in  its  non-porosity,  which  is  to  be  accounted  for  by  the  pressure  to 
which  it  was  subject  during  the  process  of  its  formation.  The  artificially- 
prepared  coal-tar  is  replaced  by  petroleum  or  stone-oil  (CH). 

In  many  districts,  particularly  on  the  borders  of  the  Caspian  Sea,  at 
Amiano  in  Italy,  and  at  Rangoon  iu  Burmah,  an  oily  substance  called  rock- 
oil,  or  petroleum,  is  found  to  exude  from  the  soil,  and  is  met  with  floating 
on  the  surface  of  the  water  of  springs.  Some  kinds  are  of  a  pale  colour 
and  very  fluid,  while  others  are  dark  and  semi-solid  at  the  ordinary  temper- 
ature. The  latter  varieties  when  distilled  yield  a  colourless  naphtha  which 
has  the  formula  CcHj ;  its  principal  application  is  in  the  preservation  of 
potassium,  sodium,  and  the  metals  of  the  alkaline  earths.  The  residue 
remaining  after  the  volatile  oil  has  passed  off  contaiils  a  considerable  quantity 
otparaffine — a  substance  said  to  be  obtained  in  considerable  quantity  in  the 
distillation  of  Irish  peat,  atid  to  be  admirably  adapted,  when  mixed  with  a 
suitable  proportion  of  wax,  to  making  candles. 

In  like  manner  naturally-formed  tar,  which  has  received  the  name  of 
asphalt  or  Jew's  pitch  (bitumen),  is  found  sometimes  in  an  indurated  condi- 
tion, and  sometimes  more  or  less  soft.  This  is  employed  for  many  purposes, 
particularly  for  tarring,  as  fuel,  cement,  black  paint,  or  varnish  for  wood, 
iron,  &c.  Mixed  with  coarse  sand  it  is  used  in  the  preparation  of  roofing- 
felt,  and  for  paving,  flooring,  &c.  The  artificially-prepared  tar  may  be  em- 
ployed for  similar  purposes  after  it  has  been  deprived  of  its  oil  by  distilla- 
tion with  water. 

Herewith  we  conclude  our  description  of  chemical  phenomena,  several  of 
which  have  been  but  slightly  noticed,  and  more  not  mentioned  at  all.  To 
those  who  wish  to  study  chemistry  more  profoundly,  either  for  professional, 
artistic,  or  manufacturing  purposes,  we  recommend  the  many  excellent  works 
on  this  subject  in  our  own  and  the  continental  languages.  • 


MINERALOGY  AND  GEOLOGY. 


1.  MiNERALOGT  is  the  scieDce  which  treats  of  Minerals,  or  those  con- 
stitaentd  of  the  earth  which  are  of  similar  composition  throngh  their  entire 


mass. 


All  parts  of  the  same  Mineral  are  alike.  In  none  of  them  do  we  observe 
those  peculiar  structures  which  we  term  Organsy  and  which,  in  Plants  and 
Animals,  fulfil  functions  that  are  indispensable  to  the  existence  of  the  indi- 

(313) 
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yidoals  to  which  they  belong.  Minerals  are  oonseqaentlj  also  oalled  ik- 
organic  substances.  It  is  immisiterial  whether  the  mineral  subjected  to  ex- 
amination be  large  or  small;  in  either  case  it  presents  to  us  the  same  struc- 
ture. A  small  specimen  of  sandstone  gives  us  as  good  an  idea  of  its  properties 
as  would  be  given  bj  a  large  block  or  mountain  of  the  same  material.  A 
rock  crystal  a  line  long  is  as  perfect  as  one  that  measures  a  foot. 

2.  In  the  section  Chemistry  (§  3  and  §  9)  we  have  already  seen  that  the 
entire  mass  of  the  earth  is  composed  of  only  a  few  more  than  60  simple  sub- 
stances or  elements.  By  virtue  of  the  chemical  affinity  possessed  by  these 
bodies  they  are  found  to  exist  in  the  greatest  varieties  of  combination^  and 
only  seldom  occur  as  simple  substances.  Proceeding  from  this  view,  Mine- 
ralogy might  be  termed  the  science  of  the  chemical  compounds  occurring  in 
Nature,  and  this  is,  to  a  certain  extent,  really  the  case.  We  have  already, 
in  studying  the  sci^ce  of  Chemistry,  become  acquainted  with  a  number  of 
such  natural  compounds,  and  have  been  referred  to  this  section  for  a  deserip- 
tion  of  some  others. 

Chemical  affinity,  however,  is  not  the  only  power  by  which  the  elements 
are  influenced  in  the  great  laboratory  of  Nature.  Its  action  is  accompanied 
by  that  of  a  number  of  forces  and  influences,  producing  a  series  of  minera- 
logical  formations  which  cannot  be  considered  simply  from  a  chemical  point 
of  view,  nor  explained  by  chemical  affinity  alone. 

8.  Minerals  may,  therefore,  be  classed  in  two  principal  groups,  which  are 
readily  distinguishable  from  each  other.  Those  of  the  first  class  possess  all 
the  properties  of  perfect  chemical  compounds,  are  definite  in  their  chemical 
composition,  and  equally  definite  in  their  crystalline  form.  These  bodies  are 
the  true  or  nmpU  Minerals,  and  the  science  that  treats  of  them  is  Mine- 

EALOQY. 

The  other  series  of  minerals  has  an  essentially  difierent  character.  The 
objects  composing  it  are  either  evident  mixtures  of  simple  minerals,  or,  if  they 
agree  with  simple  minerals  in  chemical  composition,  they  difier  by  the  absence 
of  definite  crystalline  form.  Hence  they  do  not  occur  as  well-defined  indi- 
viduals, but  in  amorphous  masses.  These  substances  are  called  Mixed 
Minerals^  Stones,  or  Rocks,  The  study  of  their  individual  properties,  of 
their  relations  to  each  other  and  to  the  mass  of  the  earth,  and  the  investiga- 
tion of  their  origin  and  mode  of  aggregation,  constitute  the  subject  of  that 
division  of  this  science  whfch  b  termed  Qeologt. 

L— MINERALOGY. 

4.  The  first  condition  required  of  Mineralogy  is  that  it  shall  furnish  us 
with  means  to  recognise  Minerals  and  determine  the  classes  to  which  they 
belong.  Minerals  may  be  distinguished  and  classified  by  certain  characte- 
ristics. These  are,  principally,  1,  their  Form  ;  2,  their  Phi/sical,  and  8, 
their  Chemical f  properties.  With  the  aid  of  these  characteristics  we  can 
make  an  attempt  to  describe  minerals. 

1.  Form  or  Mimxbals.— CBYSTAXLOGRAPHY. 

5.  We  have  ahready  remarked  in  Physics  (§  20),  and  in  Chemistry  (§  29), 
that  the  smallest  particles  of  chemical  compounds  attract  each  other  and 
arrange  themselves  in  certain  directions,  producing  regularly-formed  bodies, 
which  are  called  crystals.     These  forms  exhibit  faces  or  planes;  edges  or 
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lines  of  oontact  of  two  planes,  and  poitUi  or  angles  formed  by  the  meeting 
of  three  or  more  i^anes.  There  ia  no  form  of  crystal  exhibiting  less  than 
foar  planes,  six  edges  and  four  angles,  and  most  crystals  are  composed  of  a 
larger  nomber. 

As  every  mineral,  with  few  exceptions,  always  crystalli^s  in  one  definite 
primary  form,  the  observation  of  their  forms  is  naturally  a  very  important 
and  certain  mode  of  discriminating  minerals.  The  forms  of  crystals  are, 
however,  exceedingly  numerous.  On  examining  a  collection  of  minerals, 
hundreds  of  difierent  forms  are  presented  to  the  eye ;  yet  these  varieties  may 
be  traced  back  to  a  few  fundamental  forms,  from  which  they  are  all  derived. 
Of  these  fundamental  forms  there  are  six,  which,  with  the  various  secondary 
or  derived  forms,  constitute  six  families  or  systems  of  crystallisation,  the 
study  of  which  forms  a  particular  branch  of  science  termed  Crystallography, 
It  is  not  possible  for  us  to  enter  into  the  details  of  this  science,  but  we  will 
endeavour  to  make  ourselves  acquainted  with  the  primary  forms,  with  the 
most  important  secondary  forms,  and  with  the  manner  in  which  a  secondary 
crystal  is  described  and  traced  back  to  its  primary  form. 

Primary  Forms  of  Crystals. 

6.  The  regvlar  octahedron  (fig.  1).     This  crystal  is  limited  by  eight  equal 
equilateral  triangles,  and  has  twelve  edges  and  six  angles.   An  imaginary  line, 
extending  firom  one  angle  to  the  opposite  one,  repre- 
sents what  is  called  the  axis  of  Uie  crystal.     The  /p\ 
octohedron  has  therefore  three  such  axes,  which  are            yW  V\ 
all  equal  and  intersect  each  other  at  right  angles.         /^  f   V   \^ 
The  whole  form  of  the  crystal  is  dependent  upon  this     ^^-•^- — ^)>jp-~^ 
relation  of  the  axes.     If  we  construct  a  cross  with       nT^x    T  / 
three  knitting-needles  of  equal  length,  so  that  they            \.  \  t  / 
cross  each  other  at  right  angles,  their  ends  will  repre-             ^^1/ 
sent  the  angles  of  a  regular  octohedron. 

Irregular  octohedrons,  which  are  likewise  primary  x. 

forms,  may  easily  be  represented  by  such  crosses. 
The  axes  are  either  of  unequal  length,  or  they  do  not  intersect  each  other  at 
right  angles,  or  they  may  exhibit  both  of  these  deviations. 

In  examining  and  describing  a  crystal,  it  is  always  placed  in  such  a 
position  that  one  of  the  axes  is  situated  vertically  in  front  of  the  observer; 
this  is  called  the  principal  axis,  whilst  the  others  are  termed  secondary  axes. 
When  the  axes  of  a  crystal  are  equal,  any  one  may  be  adopted  as  the  prin- 
cipal axis,  but  when  they  are  unequal  the  longest  is  generally  chosen  as  the 
principal  axis. 

7.  The  secondary  forms  of  the  octohedron,  as  of  all  other  crystals,  are 
produced  by  the  real  or  ima^nary  removal  of  certain  portions  of  the  primary 
form  in  a  regular  manner.  We  will  give  a  few  examples  of  this,  which  may 
be  rendered  more  lucid  by  the  use  of  prepared  models  or  by  cutting  the 
requisite  forms  out  of  a  piece  of  potato  or  turnip.  On  removing  the  angles 
from  the  octohedron  (fig.  2)  by  parallel  sections,  a  cube  will  at  last  be  ob- 
tained. The  cube,  or  six-faced  solid  (fig.  8),  has  six  square  planes  of  equal 
magnitude,  eight  angles,  and  twelve  edges.  On  removing  the  angles  of  this 
crystal,  as  in  fig.  4,  the  regular  octohedron  is  obtained.     The  crystal  repre- 
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seated  by  fig.  5  is  intermedi&te  between  those  shown  by  figures  2  and  4,  or 
between  figures  1  and  3.  It  is  evident  that  these  forms  hwr  certain  definite 
relations  to  each  other^  and  therefore  they  are  said  to  belong  to  the  same 
system  of  crystallisation,  which  has  been  called  the  regular  system. 


5 — PF- 


?n 


Fy  ^f^ 

».  /v      . 

... 

2. 


4. 


A  number  of  secondary  forms  may  be  obtained  by  truncations  that  remove 
the  angles  and  edges  of  the  primary  forms.  Thus,  fig.  6  is  a  cube  deprived 
of  its  edges  and  angles.  On  the  removal  of  the  edges  of  the  cube  in  a 
regular  manner  the  rhombic  dodecahedron  is  obtained  (fig.  7),  of  which  the 
twelve  equal  planes  are  rhombs. 


6.  C.  7. 

Another  series  of  secondary  forms — the  hemihedral  forms  —  is  produced 
by  removing,  not  the  whole  of  the  ancles  or  edges  of  a  primary  form,  but 
only  the  alternate  angles  or  edges  which  are  situated  opposite  to  each  other. 
The  three-sided  pyramid,  or  tetrahedron  (figs.  8  and  9),  is  thus  obtained 
from  the  octohedron.  The  pentagonal  dodecahedron  (fig.  10)  is  a  secondary 
form  obtained  in  a  somewhat  similar  manndr. 


10. 


The  second  primary  form  is  the  quadratic  octohedron  (fig.  11)  :  this  form 
has  three  axes  intersecting  each  other  at  right  angles,  two  of  which  are 
equal,  while  the  third  is  longer  or  shorter  than  the  others.  The  horizontal 
section  of  this  octohedron  is  a  square.     The  vertical  section  is  a  rhomb.    By 
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truncatioii  of  its  lateral  edges  the  prism  (fig.  12)  is  obtained.  The  latter 
maj  have  its  edges  and  angles  replaced  by  yarions  modifications. 

The  third  primary  form  is  the  rhombtc-octohedron  (fig.  13),  the  axes  of 
which  cross  each  other  at  right  angles,  but  are  all  unequal.  The  three  sec- 
tions of  this  octohedron  are  rhombs.  This  is  one  of  the  crystalline  forms  of 
sulphur.  The  rhombic  pri«m  is  obtained  by  the  truncation  of  the  lateral 
edges  of  the  octohedron,  namely,  those  that  are  marked  (/  in  figure  12. 

The  fourth  primary  form  is  an  octohedron  with  three  axes  of  unequal 
lengthy  two  of  which  intersect  each  other  at  an  oblique  angle,  but  are  placed 


11. 


18. 


■# 


14. 


c 

15. 


at  right  angles  to  the  third  axis,  as  shown  in  figs.  14  and  15.  This  octohe- 
dron generaUy  occurs  in  its  secondary  forms,  particularly  in  oblique  rhombic 
prisms,  as  in  gypsum  (fig.  16). 


17.  18.  19. 

The^A  primary  form  is  an  octohedron  of  which  all  the  axes  are  unequal, 
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and  all  iotersect  eaoh  other  at  obliqae  angles.  This  octohcdron  only  occurs 
in  its  secondary  forms,  such  as  is  exhibited  by  fig.  17,  which  is  the  crystal- 
line form  of  axinite. 

The  sucth  primary  form  is  the  hexagonal  dodecahedron  (fig.  18),  a  double 
six-sided  pyramid.  This  system,  which  is  termed  the  hexagonal  sj^stem,  is 
the  only  one  which  has  four  axes :  three  of  these  are  equal,  and  intersect 
each  other  at  acute  but  equal  angles.  The  fourth  or 
principal  axis  is  unequal  to  the  others  and  intersects 
them  at  a  right  angle.  Among  the  secondary  forms 
of  this  system  may  be  mentioned  the  beautiful  hexa- 
gonal prism  ^fig.  19),  and  the  rhombohedron  (fig.  20), 
which  is  enclosed  by  six  equal  rhombs. 

9.  The  same  mineral  frequently  occurs  in  very  dif- 
ferent crystalline  forms,  which,  however,  will  always 
be  found  to  belong  to  one  of  these  six  systems,  that 
20.  is  to  say,  they  may  always  be  traced  back  in  some 

way  or  odier  to  primary  forms  included  in  these  sys- 
tems. The  determination  of  the  form  of  the  crystal  is  frequendy  attended 
with  considerable  difficulty.  This  arises  in  part  from  the  similarity  which 
many  forms  have  to  each  other,  so  that  they  can  frequently  be  distinguished 
only  by  the  most  accurate  measurements  of  the  edges  and  angles  of  the 
crystals.  Sometimes  the  difficulty  is  caused  by  the  imperfect  nature  of  the 
crystals  that  are  to  be  examined ;  for  crystals  so  regularly  and  distinctly 
formed  as  they  are  usually  exhibited  in  diagrams,  are  of  rare  occurrence. 
In  attempting  to  account  for  the  irregularities  of  natural  crystals,  it  may 
generally  be  assumed  that  there  were  obstacles  present  at  the  instant  of  their 
formation  which  did  not  permit  the  crystal  to  be  equally  and  perfectly 
developed  on  all  sides.  Thu%  it  is  frequently  observed  that  only  one-half, 
or  only  an  edge,  or  an  angle,  or  a  plane  of  the  crystal  is  formed,  the  remainder 
of  the  form  being  entirely  wanting  or  merged  in  an  extraneous  adhering 
mass  (see  the  figure  at  page  260).  The  most  regular  forms  frequently  appear 
to  be  perfectly  irregular,  the  neoessary  conditions  for  the  formation  of  the 
crystal  having  been  favourable  only  on  one  side  of  the  mass.  The  difficul- 
ties attending  the  examination  of  crystals  may,  however,  be  overcome  by 
practice.  Models  of  crystals,  which  may  easily  be  procured,  are  of  great 
assistance  in  the  study  of  crystallography. 

A  variety  of  familiar  names  are  given  to  irregular  crystalline  formations, 
such  as  tables,  plates,  needles,  &c, 

A  mineral  appears  as  a  crygtaiUne  mass  or  aggregate  when  it  connsts  of 
small  crystals  irregularly  and  closely  arranged  together.  Thus,  for  instance, 
calcareous  spar  is  distinctly  crystallized,  and  marble  only  crystalline,  carbo- 
nate of  lime.  When  a  mineral  exhibits  no  crystalline  arrangement  of  its 
particles,  it  is  said  to  be  massive  or  amorphous.  Cavities  in  many  masses 
of  rocks  are  sometimes  filled  with  groups  of  crystals.  These  are  called 
geodes  or  drmic  cavities  (comp.  §  81). 

2.  PHYSICAL  CHARACTERS  OF  MINERALS. 

10.  As  minerals  cannot  always  be  distinguished  by  their  form,  other  char- 
acteristic properties  are  called  into  aid,  such  as  the  cohesion,  the  specific 
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graTitj,  and  die  oolonr  of  miQerals,  and  their  relations  to  light,  electricity, 
and  magnetism.     These  are  termed  the  physical  charctcters  of  minerals. 


Cohesion. 

11.  There  are  only  two  liquid  minerals;  the  greater  number  is  solid,  and 
with  these  spedal  regard  is  paid  to  their  cleavage,  fracture,  and  hardness. 

A  mineral  is  cleavable  when  it  is  possessed  of  crystalline  structure.  In 
such  a  case  its  particles  are  arranged  in  a  certain  manner,  so  as  to  exhibit 
less  cohesive  power  in  one  direction  than  in  another,  in  the  same  manner  as 
wood  is  more  easily  cleavable  in  the  direction  of  its  fibre  than  across  the 
grain.  There  are,  of  course,  various  degrees  of  cleavahility ;  thus,  mica  is 
cleavable  into  the  Uiinnest  laminss.   Cleavage  surfaces  are  more  or  less  plane. 

IVacturetj  or  fractured  surfaces,  are  produced  by  ^e  forcible  disintegration 
of  minerals  that  are  not  cleavable,  or  of  cleavable  minerals  in  any  other 
direction  than  that  of  their  cleavage.  The  appearance  of  the  fracture  is  very 
characteristio  of  many  minerals ;  it  is  either  even  or  uneveUf  or  it  may  be 
conchoidaly  as  for  example,  in  the  case  of  flint  It  is  also  splintery,  or 
jaggedy  and  very  frequently  earthy,  as  in  chalk  and  many  other  minerals. 

12.  In  the  description  of  a  mineral,  particular  attention  is  always  paid  to 
its  hardness.  Many  minerals  are  suflEiciently  hard  to  resist  the  best  files, 
while  others  are  so  soft  as  to  admit  of  being  scratched  with  the  finger-nail. 
There  are  between  these  two-  extremes  various  degrees  of  hardness,  which 
cannot  be  so  easily  described.  Other  means  have,  therefore,  been  resorted 
to  for  the  determination  of  tiie  degree  of  hardness  of  difierent  minerals  with 
tolerable  accuracy.  Of  two  minerals,  that  one  of  course  is  the  hardest 
which  will  scratch  the  other  without  being  scratched  itself.  A  scale  of 
hardness  has  been  constructed  by  Mobs,  consisting  of  ten  well-known 
minerals,  so  arranged  that  each  one  will  scratch  that  which  precedes  it,  and 
may  be  itself  scratched  by  all  those  which  follow  it  in  the  scale.  Thus,  ten 
dcereea  of  hardness  are  obtained  between  the  softest  mineral,  which  is  talc, 
and  the  hardest,  namely  diamond:  these  degrees  are  represented  by  the 
corresponding  numbers  -,  they  are  as  follows : — 

Degree  of  hardness  lass  Talc. 

28BG7p8um. 
S^Calcareous  spar. 
4assFlaor8par. 
5  as  Apatite. 


Degree  of  hardness  6a=  Felspar. 
7=Quartz. 
8= Topaz. 
9^Conindum. 
lOas  Diamond. 


If,  therefore,  the  degree  of  hardness  of  a  certain  mineral  is  7,  we  know  it 
to  be  equal  to  that  of  quartz.  It  may  easily  be  remembered  that  a  high 
degree  of  hardness  is  represented  by  a  high  number,  and  vice  versd.  The 
best  way  of  trying  the  hardness  of  a  mineral  is  to  rub  it  on  a  hard  fine- 
toothed  file  in  comparison  with  the  minerals  that  constitute  the  scale,  pieces 
of  which  are  reserved  for  that  use.  The  scratching  of  minerals  by  one 
another  is  liable  to  several  fillacies. 

SpEOirio  Gravity  op  Minerals. 

13.  The  density  or  specific  gravity  of  a  body,  as  was  shown  in  Physics 
(§  53),  is  the  weight  of  a  certain  volume,  compared  with  that  of  an  equal 
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volume  of  water.  Thus,  the  density  of  lead  is  s=  11,  since  1  oaUo  inch  of 
this  metal  weighs  11  times  as  much  as  1  cubic  inch  of  water.  We  have 
already  spoken  of  the  value  of  a  knowledge  of  specific  gravities ;  the  £(iet 
of  substances  always  possessing  the  same  density  under  uniform  cireum- 
stances,  furnishes  an  important  means  of  recognizing  them,  particularly  in 
the  case  of  minerals.  Hence  the  determination  of  their  specific  gravities 
has  been  made  and  repeated  with  the  greatest  care,  generally  at  a  temper- 
ature of  15°-5  C  (60^  P.).  From  what  has  been  said  in  Chemistry,  it 
may  in  general  be  assumed  that  minerals  of  high  specific  gravity,  contain 
the  heavy  metals. 

Helations  of  Minerals  to  Light. 

14.  As  minerals  are  a  very  extensive  and  diversified  class  of  bodies,  they 
exhibit  an  exceedingly  varied  behaviour  under  the  influence  of  the  rays  of 
light  Many  minerals  permit  these  rays  of  light  to  pass  through  them, 
refracting  or  deflecting  them  in  the  passage.  Others  reflect  the  light  in  a 
peculiar  manner.  These  properties  give  rise  to  the  transparency,  the  re- 
fracting power,  the  lustre,  and  the  colour  of  minerals. 

Transparency  is  either  perfect  or  imperfect.  We  meet  with  the  former 
chiefly  in  highly-developed  crystals;  and  when  this  character  appears  in 
conjunction  with  the  absence  of  colour,  it  is  termed  simply  trawfparfnt 
Imperfect  transparency  is  indicated  by  the  terms  semutransparency  and 
tranducency;  pellucid  at  the  edges.  The  term  opaque  means  that  no  rays 
of  light  are  transmitted  by  the  mineral. 

Refracting  power  (Phys.  §  137)  is  only  perceptible  in  perfectly  trans- 
parent crystals.  It  varies  exceedingly  in  different  minerals ;  thus  the  precious 
stones  are  highly  refractive,  while  other  minerals  possess  this  property  in  a 
slight  degree.  What  is  called  double  refraction  is  a  very  peculiar  phenomenon. 
Many  minerals  not  only  refract  the  incident  ray,  but  divide  it  into  two  parts, 
each  proceeding  in  a  different  direction,  so  that  two  images  are  seen  of  any 
object,  such  as  a  black  line,  when  viewed  in  a  certain  direction  through  the 
crystal.  Iceland  spar  is  a  mineral  which  exhibits  this  doubly  refractive 
power  with  great  distinctness. 

15.  The  lustre  of  minerals  is  dependent  on  the  nature  of  their  surfaces; 
and  the  more  these  approximate  to  the  reflecting  surfaces  of  mirrors,  the  more 
perfect  it  is.  Minute  flaws,  inequalities,  all  give  rise  to  certain  peculiarities 
of  lustre,  which  have  received  various  easily  intelligible  denominations, 
according  to  their  nature  and  vividness. 

Thus  we  distinguish :  metallic  lustre,  adamantine  lustre,  viireous  lusire, 
waxy  or  fatty  lustre,  pearly  or  nacreous  lustre,  and  silky  lustre.  Some  min- 
erals are  also  described  as  splendent,  shining,  glistening,  glimmering,  and  dtUl; 
those  of  earthy  fracture,  for  instance,  are  distinguished  by  the  latter  term* 

The  colours  of  minerals  are  expressed  by  the  terms  generally  adopted  for 
denoting  the  impressions  they  produce  on  the  eye.  The  principal  colours 
are  white,  grey,  black,  blue,  green,  yellow,  red,  and  brown;  besides  these 
there  is  a  variety  of  mixed  colours  of  all  possible  shades.  A  scale  of  colour, 
similar  to  the  scale  of  hardness,  has  been  constructed,  the  colour  of  a  certain 
mineral  being  distinguished  by  a  particular  name. 

The  streak  of  a  mineral  is  also  a  remarkable  characteristic;  it  is  the 
colour  that  appears  on  rubbing  or  streaking  a  mineral  on  a  white  body,  or 
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01  senitohiiig  it  witli  a  karder  rabatenoe.  The  streak  is,  geoarally  speakin^^ 
lighter  tlian  tbe  colour  of  the  mineral,  thus,  for  example,  manganite  is 
nearly  blaek,  whikt  on  paper  it  pi;oduoe8  a  brown  streak.  The  c(£)ur  of  a 
mioerml  often  agrees  with  that  of  its  streak,  yet  lively-coloared  minerals 
freqoentiy  yield  very  pale  or  even  colourless  powders.  The  streak  of  a 
mineral,  that  is  the  colour  of  the  powder  produced  by  scratching  it^  is  a 
mnch  more  tamstwortfay  character  than  its  external  colour. 

There  are  many  other  phenomena  of  colour,  such  as  opalescence  and  irp- 
demxnccy  which^  however,  occur  less  frequently.  Some  minerals  under  cer- 
tain conditions,  for  instance  when  they  are  heated,  or  exposed  for  some  time 
to  the  rays  of  the  sun,  possess  the  property  of  becoming  slightly  luminous 
in  the  dark.     This  property  is  called  phogphorescence. 

Relation  of  Minxrals  to  I^eotrioity  and  MAaNSTisM. 

16.  Physios  has  taught  us  (§  151)  that  all  bodies  are  classed  into  two 
groups,  one  comprising  those  that  become  electrical  by  friction,  which  are 
called  electric  hcdies,  the  other  formed  of  those  bodies  that  do  not  exhibit 
this  pn^rty,  and  which  are  therefore  termed  nonelectric.  The  electric 
bodies  axe  non-conductors,  and  the  non-electric  bodies  are  conductors  of  elec- 
tricity. It  may  readily  be  ascertained  to  which  group  a  mineral  belongs,  by 
n^bing  it,  and  then  approaching  it  to  an  electrome- 
ter. Generally  speaking,  those  minerals  that  con-  o  Q- 
tain  heavy  metals  belong  to  the  class  of  non-electrics  [j 
or  conductors,  while  minerals  that  consist  of  the  non- 
metallio  elements,  and  the  compounds  of  the  lighter 
metalsy  become  electric  by  friction,  and  are  con-con- 
doctcnrs  or  imperfect  conductors  of  electricity. 

Comparatively  few  minerals,  and  only  those  which 
contain  iron  Coomp.  Phys.  §  168)  exhibit  magnetic  >^=^ 

properties.     iThe  magnetic  deportment  of  a  mineral 
may  easily  be  detected  by  placing  it  in  juxtaposition 
to  a  magnetic  needle.     Fig.  21  represents  an  elec- 
trometer mounted  on  a  point     Below  it  is  a  mag-  21. 
netio  needle  adi^ted  to  the  same  support 

Odour,  Taste,  and  Feel  of  Minerals. 

17.  Most  minerals  have  no  odour.  Some  have  a  very  characteristic  odour, 
which  generally  arises  from  the  presence  of  foreign  substances,  particularly 
of  mineral  naphtha  (Chem.  §  170) ;  sometimes,  however,  the  odour  becomes 
perceptible  only  on  striking,  rubbing,  or  breathing  on  the  mineral.  Several 
minerals,  such  as  those  containing  sulphur  ana  arsenic,  evolve  peculiar 
odours  when  heated,  these  odours  being  due  to  chemical  changes. 

Ta^te  is  only  possessed  by  such  minerals  as  are  soluble  in  water,  of  which 
there  are  comparatively  few.  Its  nature  is  of  course  dependent  on  the  com- 
position of  the  mineral ;  thus  the  taste  of  rock-salt  is  saline,  that  of  salts 
of  magnesia  hitter^  that  of  nitrates  cooling,  &c. 

The  touch  or  perception  experienced  on  handling  many  minerals  is  very 
oharaoteristio,  some  being  rough,  as  lava;  others /a%  or  unctuous.,  as  soap- 
21 
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ttone  or  talo,  whilst  others,  such  as  the  peecioos  stones,  prodaoe  a  sensiiioii 
of  cold  when  touched.  Several  minerals  possess  the  property  of  absorbing 
water,  and  some  with  such  power  as  to  adhere  firmly  to  the  tongae  or  a 
moistened  finger,  when  brought  in  contact  with  it;  clays  exhibit  this  pro- 
perty in  a  remarkable  degree. 

8.  CHEMICAL  PBOPEBTIES  OF  MINERALS. 

18.  As  we  have  already  described  minerals  as  chemical  compounds  occur- 
ring in  Nature,  they  must  necessarily  be  possessed  of  properties  bearing  a 
certain  relation  to  their  constituents,  and  becoming  particularly  evident 
when  the  minerals  are  decomposed.  Chemical  formulsd  are  also  employed 
with  great  convenience  in  dbtinguishing  those  minerals  which  have  a  defi- 
nite chemical  composition.  It  is  therefore  of  advantage  to  have  become 
already  acquainted  with  Chemistry,  since  in  Mineralogy  we  have  to  refer  to 
that  science  at  every  step. 

When  structure  and  physical  characteristics  are  insufficient  to  enable  us 
to  recognise  a  mineral  or  determine  its  nature,  we  must  have  recourse  to  che- 
mical action.  The  mineralogist  has  then  to  solve  two  problems  by  means 
of  Chemistry ;  first,  the  nature  of  the  substances  contained  in  the  mineral, 
and  then  the  quantity  in  which  each  substance  is  present.  To  arrive  at  a 
knowledge  of  the  latter  it  is  necessary  to  effect  a  perfect  separation  of  the 
mineral  into  its  constituents,  and  accurately  to  weigh  them.  This  operadon 
is  called  quantitative  anali/sis,  and  requires  much  time  and  care. 

Qualitative  analysis  merely  makes  us  acquainted  with  the  various  sub- 
stances contained  in  a  body,  and,  generally  speaking,  may  be  conducted  with 
greater  expedition,  particularly  by  the  mineralogist,  who  has  other  auxiliary 
means  at  his  disposal,  for  recognising  a  mineral.  Ho  therefore  confines 
himself,  as  far  as  possible,  to  the  most  simple  chemical  agents,  which  he 
can  easily  take  about  with  him,  and  have  continually  at  command.  He 
avails  himself  especially  of  the  decomposing  power  of  heat,  and  the  solvent 
property  of  water  and  acids.  The  submission  of  a  mineral  to  the  former  is 
termed  its  investigation  in  the  dry  wayy  and  to  the  latter  its  examination  by 
the  moist  way. 

Action  op  Heat  on  Minerals. 

19.  The  Mineralogist  applies  heat  in  various  degrees  of  intensity,  from 
gentle  warming  to  th    mus^i  powerful  ignition.     For  the  latter  purpose  he 
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makes  use  of  the  hhw-pipe  (fig.  22,)  which  is  a  tube  of  metal,  terminating 
in  a  point  with  a  narrow  orifice.     The  lower  end  is  the  mouth-piece.    The 
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blowpipe  is  made  7  or  8  inches  io  length,  aoooording  to  the  eyesight  of  the 
experimenter.     On  forcing,  by  means  of  the  blowpipe,  a  jet  of  air  into  the 
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flame  of  a  lamp  (fig.  23),  we  obtain  on  a  small  scale  the  same  effect  which 
the  smith  produces  by  the  bellows  of  the  forge,  namely,  an  intense  heat  in 
a  confined  space.  The  blowpipe  imparts  to  the  flame  a  conical  form ;  into 
this  flame  small  fragments  of  the  mineral  to  be  examined  are  introduced, 
being  either  held  by  a  small  pair  of  forceps  with  platinum  points  (pg.  24), 
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or  placed  upon  a  piece  of  well-burnt  charcoal,  or  a  charcoal  pastile  (^.  25.)* 
When  the  specimen  is  to  be  only  gently  heated,  it  is  frequently  heated  in  a 
glass  tube  by  means  of  a  spirit-lamp  without  the  aid  of  the  blowpipe. 

20.  In  performing  these  experimento,  the  particular  points  to  which  atten- 
tion is  directed,  are  the  fusibility  and  volatility  of  the  substance,  as  also  the 
particular  colour  which  it  may  impart  to  the  blowpipe  flame. 

The  fusibility  of  minerals  varies  exceedingly.  Some  fuse  at  a  gentle 
heat  in  the  ordinary  flame  of  a  lamp,  as  salto,  for  instance ;  others  are  fused 
only  by  the  application  of  the  most  intense  heat;  and  others  again  are  per- 
fectly infusible.  The  different  degrees  of  fusibility  are  expressed  by  the 
terms  easily  fusible,  difficultly  fusible,  infusible,  &o. 

The  fusion  of  substances  is  attended  by  other  phenomena  worthy  of  notice; 
thus  some  minerals  fuse  quietly,  others  swell  up  or  intumesoe,  or  decrepitate, 
&o.  The  fused  mass  presente  iteelf  in  the  form  of  a  glass,  a  slag,  a  scoria, 
an  enamel,  or  a  metallic  bead,  the  latter  being  generally  form^  when  a 
heavy  metal  is  present 

Volatile  substances  are  very  often  expelled  from  minerals  by  the  application 
of  heat  Thus  aqueous  vapour  is  almost  always  evolved,  and  it  is  necessary 
to  observe  whether  this  water  be  merely  accidental,  or  chemically  combined 
as  water  of  hydration  or  of  crystallisation  (Chem.  §  28).  Many  minerals 
disengage  various  gases,  as,  for  instance,  chalk  evolves  carbonic  acid,  and 
binoxide  of  manganese  evolves  oxygen.  New  compounds  are  often  produced 
during  ignition,  by  the  combined  action  of  heat  and  the  oxygen  of  the  air. 

*  Fig.  25,  a,  represents  a  charcoal  pastile  of  the  fall  size ;  6,  an  iron-wire  handle : 
€,  a  cylinder  of  cork ;  d^  a  porcelain  capsule.  The  lower  part  of  the  pastile  is  chiefly 
of  clay,  and  is  incombustible ;  the  upper  part  of  charcoal.  Another  variety  of  blow- 
pipe pastile  contains  soda  and  borax  among  the  charcoal,  and  is  used  when  metallic 
ores  are  to  be  reduced. 
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Thus,  lead  ores  become  easily  ooatod  with  a  yellow  crast  of  oxide  of  lead, 
ores  of  antimoDy  with  white  oxide  of  aDtimoDy,  solphtiretted  ores  yield 
sulphurous  acid,  which  is  easily  recognised  by  its  suffocating  odour,  and 
arsenical  ores  evolve  the  peculiar  garlic  odour  of  arsenic. 

The  colour  of  the  blowpipe  flame  is  often  an  excellent  means  of  distin- 
ffuishing  a  mineral.  Strontia  imparts  to  the  flame  a  purple  tint,  lime  a 
bright  red,  potassa  a  violet,  soda  a  bright  yellow,  boron  and  copper  a  green 
tint,  &c. 

21.  We  have  hitherto  spoken  of  the  test  examination  by  the  blowpipe 
flame  alone.  The  co-operation  of  chemical  substances  is  frequently  employed, 
by  which  peculiar  phenomena  are  produced.  Such  substances  are,  the  oxygen 
of  the  air,  the  carbon  of  the  interior  of  the  blow-pipe  flame,  carbonate  of 
soda,  and  borax  or  biborate  of  soda. 

We  have  already  seen  in  §  20  that  the  oxygen  of  the  air  exerts  an  oxi- 
dising influence,  and  it  must  here  be  remarked,  that  the  point  of  the  blow- 
pipe flame  is  the  only  portion  which  allows  the  oxygen  to  have  access  to  the 
substance :  it  is  therefore  called  the  oxidising  flame  of  the  blowpipe.  If 
the  substance  under  examination  be  introduced  into  the  wide  interior  portion 
of  the  flame,  which  is  not  luminous,  and  still  contains  unconsumed  carbon, 
the  latter  exercises  a  reducing  action,  if  the  substance  contains  an  oxygen 
compound.  This  portion  of  the  flame  is  hence  called  the  inner  or  reducing 
flxime.  Thus,  for  instance,  a  piece  of  tin  may  easily  be  converted  into 
white  oxide  in  the  outer  flame,  and  reduced  again  to  a  metallic  bead  in  the 
inner  fliame. 

22.  Carbonate  of  soda  and  borax,  when  added  to  the  specimen  under 
examination  before  the  blowpipe  flame,  are  called  flvxes,  since  they  produce 
easily  fusible  compounds.  Carbonate  of  soda  when  fused  with  compounds 
rich  in  silica,  forms  an  easily  fusible  soda-glass;  it  likewise  serves  for  the 
production  of  soluble  salts  of  arsenic,  sulphur,  manganese,  &c.,  which  are 
converted  into  acids  by  exposure  to  a  high  temperature.  In  borax  (Chem. 
§  62),  the  boracic  acid  that  withstands  the  action  of  fire,  combines  with 
metallic  oxides,  forming  peculiarly  coloured  glasses,  which  correspond  pretty 
well  in  their  colours  with  those  of  the  glass  fluxes  with  which  we  have 
previously  become  acquainted  (Chem.  §  77).  The  result  obtained  in  this 
experiment  is  dependent  on  the  part  of  the  flame  in  which  the  fusion  is 
effected,  since  the  lower  oxides  frequently  yield  glasses  which  difler  in  colour 
from  those  produced  by  the  higher  oxides,  as  is  8ho?m  by  the  fdlowiog 
examples  (see  page  325). 

The  mixture  of  borax  and  the  substance  to  be  tried  is  melted  on  the  end 
of  a  fine  platinum  wire,  bent  into  a  ring  of  one-eighth  of  an  inch  in  diameter. 

Similar  coloured  beads  are  produced  by  fusing  metallic  bodies  in  a  glasff 

formed  of  microcosmic  salt  (the  double 
phosphate  of  soda  and  ammonia).  A 
crystal  of  this  salt  is  fused  on  a  char- 
coal pastile,  fig.  26,  till  it  has  the  form 
of  fig.  27.  It  is  then  mixed  with  the 
metallic  body  and  again  fused,  and  the 
2Q^  27.  28.  ^®^*  ^8  continued  till  the  charcoal  capsule 

bums  away  and  leaves  the  bead  exposed^ 
as  shown  in  fig.  28. 
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QxUes. 

Colour  or  the  Borax  Glasses. 

In  the  OxidUins  Flame. 

Chromiam.. 

Manganese. 
Antimony.. 
Bisraath.... 

Zinc 

Emerald-irreen 

C  Yellowish-brown,  colourless  on 
X     cooling. 

Colourless. 

Turbid  and  greyish. 

Grey  and  turbid. 

Colourless. 

Reduced  to  metallic  beads. 

Bottle-green,  blue-green. 

Blue. 

Greyish. 
C  Colourless,     cinnabar-red     and 

opaque  on  cooling. 
Greyish. 

Violet. 

Bright-yellow 

Coloorless 

<  Colourless,  a  white  enamel  with  > 

I     mach  line ) 

Colourless 

Tin«  

Lead. 

Iron ......... 

Yellow,  colourless  on  cooling.... 
(  Dark  red,  becoming  lighter  and  > 
\     nearly  colourless  on  cooling.. ) 

Blue 

Ck>balt  

AickeL 

Copper 

SiWer 

Eeddiah-yeUow,  lighter  on  cooling 
Blue 

Milky  white  on  cooling 

23.  In  finally  availing  ourselves  of  the  co-operation  of  water  and  acids 
as  solvents  of  minerals,  we  enter  at  once  into  the  range  of  those  chemical 
phenomena,  which  are  followed  out  in  all  their  details  in  special  works  on 
analytical  chemistry. 

It  therefore  only  remains  to  be  observed,  that  these  solvents  are  generally 
applied  ia  a  certain  order ;  namely,  water  first,  then  hydrochloric  acid,  then 
iMtrie  acid,  and  finally  a  mixture  of  the  two  (Chem.  §  36.)  Hydrochloric 
acid  is  most  frequently  employed,  in  order  to  observe  whether  the  minerals 
efiervesce ;  that  is,  whether  they  contain  carbonic  acid;  which  escapes  as  gas 
when  the  mineral  is  put  into  this  acid. 

24.  We  have  now  made  ourselves  acquainted  with  all  the  preliminary 
knowledge  required  to  enable  us  to  proceed  to  describe  Minerals.  It  must, 
however,  be  remarked,  that  of  all  sciences  Mineralogy  is  the  one  in  which 
mere  description,  even  of  the  best  kind,  is  least  available.  In  this  science 
self  inspection  is  absolutely  necessary.  The  object  proposed  is  not  a  purely 
theoretical  knowledge  of  minerals,  but  a  practical  acquaintance  only  atltain- 
able  through  the  medium  of  our  senses ;  a  facility  in  combining  into  one 
eoneeptioa  of  all  the  different  qualities  of  such  objects,  whereby  the  charac- 
teristics are  permanently,  indissolubly,  and  unceasingly  associated  in  our 
minds  with  the  bodies  which  are  so  characterised. 

It  is,  therelbre,  tnivisable  that  the  student  who  intends  to  engage  in  the 
porsoit  of  Mineralogy,  should  avail  himself  of  those  minerals  which  are  fur- 
nished by  the  neighbourhood  in  which  he  is  living.  Even  the  poorest  dis- 
tricts have  some  minerals,  and  the  examination  of  these  will  aid  him  in 
forming  a  conception  of  others.  It  is  by  no  means  difficult  to  obtain  grad- 
ually the  most  important  minerals  by  exchange  or  purchase,  and  thus  to 
form  a  small  collection.  Small  systematic  collections  of  specimens  of  min- 
erals can  now  be  purchased  for  a  trifling  sum.  In  all  institutions  where 
this  branch  of  natural  science  is  embraced  in  the  course  of  study,  it  is 
necessary  above  all  things  to  excite  an  interest  for  the  science  by  the  aid  of 
a  collection  of  the  most  important  minerals.     In  the  study  of  natural  his- 
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tory,  the  best  description  may  be  considered  merely  as  a  crotch,  which  is 
cast  aside  directly  the  student  has  an  opportunity  of  inspecting  the  objects 
personally. 

Classification  of  Minerals. 

25.  A  mineral  which  may  be  distinguished  from  all  others  by  its  pecu- 
liar chemical  composition  and  properties,  is  acknowledged  as  a  distinct 
Species,  The  number  of  minerals  thus  established  amounts  to  four  or  five 
hundred,  and  is  rapidly  increasing. 

Minerals  may  be  arranged  according  to  Tarious  systems.  Either  their  form 
is  principally  considered,  and  they  are  then  arranged  according  to  the  sys- 
tems of  crystals,  or  their  arrangement  is  based  upon  their  density  and  hard- 
ness. Since,  however,  it  has  been  more  clearly  shown  that  all  these  proper- 
ties are  dependent  on  the  chemical  constitution  of  the  minerals,  the  latter 
has  become  the  directing  clue  to  their  arrangement.  In  this  classification 
particular  regard  is  paid  to  that  constituent  which  either  predominates  in 
quantity,  or  in  its  particular  character,  and  which  therefore  furnishes  the 
name  for  the  formation  of  the  group.  The  order  of  succession  of  the  min- 
erals, in  this  arrangement^  is  nearly  the  same  as  that  of  the  elements  and 
their  compounds  in  chemistry,  although  gaps  are  found  to  exist  here  and 
there  in  the  system. 

The  acquirement  of  a  knowledge  of  chemistry  is  of  courae  presupposed, 
whereby  a  number  of  difficulties  will  vanish,  which  would  render  the  study 
of  mineralogy,  according  to  outward  characteristics  alone,  exceedingly  labo- 
rious. 

26.  The  nomenclature  of  minerals  has  been  formed  gradually,  without 
any  scientific  basis,  and  is  consequently  imperfect.  The  names  of  genera 
and  species  are  derived  from  many  sources ;  as,  for  example,  from  popular 
or  vulgar  names,  from  the  locality  where  they  were  first  noticed,  and  from 
the  names  of  celebrated  naturalists ;  and  but  few  names  have  been  derived 
from  their  properties  and  chemical  constituents. .  An  alteration  in  the  no- 
menclature cannot  however  be  efiected,  as  it  would  give  rise  to  the  greatest 
confusion.  The  old  names  are  retained  as  a  matter  of  convenience,  just  as, 
in  chemistry,  the  names  water  and  potash  are  still  employed,  instead  of  the 
more  systematic  names  of  oxide  of  hydrogen  and  oxide  of  potassium. 

4.  DESCRIPTION  OF  MINERALS. 

27.  A  considerable  space  would  be  required  for  the  description  of  all  the 
minerals  that  are  now  known.  We  must  therefore  content  ourselves  with 
describing  the  most  important,  and  even  these  only  briefly.  A  sufficiently 
detailed  account  has  been  given  of  several ;  for  instance,  of  the  different 
kinds  of  coal,  in  the  chemiod  section  of  this  work :  of  these,  therefore,  the 
mere  enumeration  will  suffice. 

Most  of  the  simple  minerals  occur  in  comparatively  small  quantities, 
though  some  which  are  aggregated  in  large  masses  form  a  considerable  por- 
tion of  the  earth's  surface.  These  will  be  referred  to  in  the  chapter  on 
Rocks. 

In  the  following  descriptions,  H.  signifies  the  hardness,  and  Sp.  6r.  the 
specific  gravity,  of  the  \ninerals: — 


SULPHUB. 
Stnoftioal  Tabli  or  BIinkbals. 
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Ist  Class, 
noh-mbtallio 
Bodies. 

2nd  Class. 
Mktals. 

8rd  Class. 
Obqanio 

COMPOUWDS. 

Group. 
1.  Salphor. 

l8t  Order. 
U|^t  Metals. 

Zod  Order. 
Heavy  Metals. 

Group. 

29.  Salts. 

Group. 
5.  Potassium. 

Group. 
18.  Iron. 

2.  Boron. 

6.  Sodium. 

14.  Manganese. 

80.  Earthy  resins. 

8.  Carbon. 

7.  Ammonium. 

16.  Cobalt. 

4.  Silieinra. 

8.  Calcium. 

16.  Nickel. 

9.  Barium. 
10.  Strontium. 

17.  Copper. 

18.  Bismuth. 

11.  Magnesium. 

12.  Aluminum. 

19.  Lead. 

20.  Tin. 

21.  Zino. 

22.  Chromium. 

23.  Antimony. 

24.  Arsenic. 

• 

26.  Mercury. 

26.  Silver. 

27.  Gold. 

28.  Platinum. 

FIRST  CLASS.— MINERALS  OF  THE  NON-METALLIC 
ELEMENTS. 

IsT  Group— SULPHUR. 

28.  The  primary  form  of  crystallized  Sulphur  is  the  rhombic  octohedron 
oocurring  with  various  truncations  of  the  edges  and  angles  (figs.  29,  30). 
Sulphur  occurs  more  frequently  in  the 
semi-crystalline  or  granular,  and  the  ear- 
thy state,  and  less  frequently  in  the  fibrous 
conditioQ.  Its  cleavage  is  imperfect; 
its  firactare  oonchoidal  and  uneven; 
H  =  1.5  to  2*5 ;  it  is  brittle  and  fragile; 
Sp.  Gr.  =  1-9  to  21.  The  chemical  pro- 
perties of  sulphur  and  its  application 
have  been  described  in  the  section  Chem- 
istry (§  40). 

The  most  important  locality  of  sulphur 
is  Sicily,  where  it  is  found  in  the  ter- 
tiary formations,  associated  with  calcare- 
ous spar  and  oelestine ;  at  Girgenti,  Fiume,  &o.  Moreover,  the  strata  of 
earthy  sulphur  in  Poland  are  likewise  very  considerable.  In  addition  to 
these  localities,  there  are  many  places  in  Germany  and  the  rest  of  Europe, 


29. 


80. 


828  MINBRALOGT. 

as  also  in  other  parts  of  the  globe,  where  sulphur  is  found.  [Sulphur  is 
found  as  a  deposit  about  the  sulphur  springs  of  New  York,  VirginiAy  &e., 
and  occurs  also  in  coal  deposits  and  elsewhere,  where  sulphuret  of  iron  is 
undergoing  decomposition ;  also  in  microscopic  crystals  at  some  of  the  gold 
mines  of  Virginia.  It  occurs  in  masses  in  limestone  on  the  Potomac,  25 
miles  above  Washington.]  But  the  sulphur  derived  from  these  souroea  is 
far  less  pure  than  the  sulphur  of  Sicily. 

2nd  Geotjp^BORON. 

29.  This  element  occurs  only  in  combination  with  oxygen,  as  Boracic  acid 
(B0,+  HO),  which  crystallises  in  scales,  and  is  found  as  a  crust  upon  the 
surface  of  the  earth  in  the  neighbourhood  of  volcanic  springs.  It  is  friable, 
of  Sp.  Gr.  =  148,  translucent,  white,  bitter  and  acid  to  the  taste ;  it  is 
easily  fusible,  and  imparts  a  green  colour  to  flame ;  it  is  soluble  in  water 
and  alcohol.  Boracic  acid  is  deposited  at  the  margin^  and  at  the  bottoms  of 
volcanic  springs  or  lakes,  particularly  in  those  of  Sasso  (hence  the  name 
Sassolin),  Castelnuovo,  and  others,  in  Tuscaidy. 

8]u>  Group— CARBON.     % 

30.  (1.)  Diamond, — ^This  mineral  occurs  crystallised  in  regular  ootofae- 
drons,  or  in  some  of  the  geometrically  allied  forms  (figs.  31,  32,  33).     It 


88. 

is  possessed  of  the  greatest  hardness,  which  is  =  10 ;  Sp.  Gr.  =  8*5  to  3  -6 ;  it 
is  mostly  cleavable,  transparent,  generally  colourless,  highly  lustrous,  refracts 
light  very  powerfully,  and  is  the  most  valuable  of  all  the  precious  stones. 
It  occurs  principally  in  alluvial  soil  and  in  rocks  of  seoondary  formation,  in 
the  East  Indies  (Gblconda),  and  in  Brazil.  It  has  also  lately  been  dis- 
covered in  the  sands  of  the  rivers  which  have  their  sources  in  the  Uralian 
mountains :  [and  several  have  been  found  in  North  Carolina  and  Geoi^.] 
1  carat  (  =  4  grains)  of  small  diamonds,  employed  for  polishing  the  larger 
ones,  for  cutting  glass,  &o.,  costs  from  20s.  to  25s.  A  polished  diamond 
(brilliant)  weighing  1  carat,  is  valued  at  from  SL  to  1 0/. ;  the  prices  of 
diamonds  increase  to  such  an  extent  with  their  size,  that  a  brilliant  weighing 
5  carats  may  cost  as  much  as  from  150/.  to  250/.  The  largest  diamond  at 
present  in  Europe  is  one  in  possession  of  the  Queen  of  Portugal.  It  weighs 
215  carats,  and  is  valued  at  upwards  of  150,000/. 

(2.)  Graphite  (Plumbago)  is  found  in  tabular  crystals,  belonging  to  the 
hexagonal  system,  but  generally  it  occurs  in  scales  and  small  laminse.   H  =  1 
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to  fi,  Sp.  'Or.  SB  1*8  to  24 ;  it  is  ^etyabk,  steel-grey  to  blaek,  mtotiioas  to 
tlie  tooefa,  and  produces  a  black  streak.  It  is  found  embedded  in  various 
rocks  at  Passao,  in  Bayaria;  the  finest  quality,  howeyer,  is  met  with  at 
BotrowJale,  in  Cumberland.  The  graphite  from  the  former  place  is  genen 
ally  employed  for  eruoibles  and  for  blacking  stoves,  and  that  from  the  latter 
kxidity  for  the  best  blac^-lead  pencils.  [Graphite  is  also  found  in  many 
localities  in  the  United  States ;  the  chief  of  whieh  are  Stoekbridge,  Mass., 
ncoDderoga,  N.  Y.,  Brandon,  Vt,  Wake,  N.  C,  and  Attleborough,  Pa.] 

(8.)  Anthracite  occurs  in  large  masses,  having  a  eonchoidal  fracture. 
H  =  2  to  2*5,  Sp.  Gr.  =  1*4  to  1*7;  it  is  greyish-bUck,  and  leaveji  but 
YMe  ash  when  burned.  It  is  found  in  strata,  occasionally  of  very  consider- 
aMe  thiekness,  in  the  primitive  rocks ;  as,  for  instance,  [in  Pennsylvania,] 
in  Wales,  and  in  the  Harts  mountains.  It  is  employed  as  a  fuel  for  strong 
blast  or  wind  fbmaoes,  ko, 

GocUj  hrovm-coal,  and  turf  must  be  mentioned  as  varieties  of  carbon, 
nnoe  ^is  element  fbrms  their  chief  constituent  Their  most  important 
characters  and  properties  have  already  been  detailed  in  §  164  of  Chemistry. 

We  shall,  however,  more  minutely  describe  the  nature  of  their  stratifica- 
tion in  the  chapter  on  G^logy. 

4th  Geotjp— SILICIUM. 

81.  By  the  term  silioia  the  Mineralogist  recognises  the  compound,  which 
chemists  call  silicic  acid  (SiOs,  Chem  §  61).  The  number  of  silicious  mine- 
rals is  exceedingly  Urge ;  silica,  however,  generally  occurs  in  combination 
with  alumina,  hence  the  greater  number  of  silica  compounds  is  mentioned 
in  the  alumina  group.  It  may  in  general  be  remarked,  that  the  hardness 
of  the  purer  kinds  of  silica  is  very  considerable,  sometimes  amounting  to 
8'9 ;  hence  it  produces  sparks  when  struck  with  steel,  whilst  its  specific 
mvity  rarely  exceeds  4*5.  It  possesses  mostly  a  vitreous  lustre,  its  prevail- 
mg  colour  being  white.  Silica,  when  chemically  pure,  or  merely  coloured 
by  small  quantities  of  different  oxides,  is  termed  quartz. 

Quartz  Family. 

Its  crystals  belong  to  the  hexi^nal  system,  and  occur  most  frequently  as 
double  six-sided  pyramids  (^.  lo),  but  which  are  generally  subjected  to  the 
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modifications  and  irregularities  spoken  of  in  the  article  on  Crystallography, 
and  in  the  part  represented  in  the  figures  84  to  87.     Quarti  also  occurs  fre* 
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queDtly  in  crjstalliDe,  compact,  or  granular  masses.  Its  fracture  is  oon- 
choidal ;  H  =  7 ;  Sp.  Gr.  =  2-5  to  2-8.  It  is  either  perfectly  transparent^ 
or  white ;  it  occurs  likewise  of  all  colours,  and  of  every  possible  shade.  It 
is  insoluble  in  all  acids,  with  the  exception  of  hydrofluoric  acid  (Ghem.  §  89); 
it  yields  with  carbonate  of  soda,  before  the  blowpipe,  a  transparent  glass; 
and  when  struck  with  steel  it  emits  brilliant  sparks.  The  following  are  the 
principal  varieties  of  quartz : — 

(1.)  Rock-ctystal,  which  is  found  in  beautiful,  tranq)arent,  six-sided 
prisms  of  considerable  size,  in  the  various  primitive  mountains.  The  crys- 
tals obtained  from  the  caverns  of  St.  Gotthardt  are  remarkably  fine ;  they 
have  also  been  found  of  extraordinary  size  and  purity  in  Madagascar,  where 
blocks  of  from  15  to  20  feet  in  circumference  occur.  Rock  crystal  is  em- 
ployed in  jewelry,  and  as  a  constituent  of  pure  glass  fluxes.  It  is  often 
slightly  coloured,  and  frequently  contains  various  foreign  minerals,  either  in 
small  scales  or  in  other  forms. 

(2.)  Ameihf/st  is  quartz  that  is  more  or  less  intensely  coloured  [purple  or 
bluish-violet]  by  protoxide  of  manganese.  It  occurs  rarely  in  perfectly 
formed  crystals,  but  more  frequently  as  crystals  lining  drusic  cavities.  It 
is  often  found  in  the  cavities  of  porphjrry  and  amygdaloid,  and,  as  it  is  by 
no  means  a  rare  mineral,  is  extensively  employed  as  a  jewel  of  small  value. 
The  amethyst  was  worn  by  the  ancients  as  a  charm  against  drunkenness. 

(3.)  Silica  is  called  common  quartz,  when  it  does  not  occur  in  regular 
crystals,  but  only  crystalline,  granular,  and  compact.  In  this  state  it  is 
often  found  in  considerable  masses,  which  are  called  quartz  rock ;  it  also 
forms  compound  rocks  with  other  minerals,  of  which  granite  offers  a  fami- 
liar example.  It  is  very  extensively  dispersed  over  the  surface  of  the  earth. 
Its  purer  kinds  are  employed  in  the  manufacture  of  glass,  porcelain,  &c.  It 
is  generally  white  and  translncent;  some  varieties  of  it,  altered  in  colour 
or  otherwise,  have  received  different  names,  as  rose  quartz  ;  the  blue  variety, 
stderxte;  schiUer-spar ;  cais-eyt,  so  called  from  its  peculiar  iridescence; 
avanturtney  containing  yellow  and  reddish  laminss  of  mica,  which  render  it 
a  very  beautiful  and  ornamental  stone. 

(4.)  Chalctdony  is  an  opaque  kind  of  quartz,  occurring  in  spherical, 
botryoidal,  and  nodular  masses,  possessing  the  most  varied  colours  and  curious 
markings.  It  is  employed  extensively  for  making  snuff'-boxes,  buttons,  mar- 
bles, &c.  Red  or  yellow-coloured  chalcedony  is  called  camelian,  and  the 
green-coloured,  chrysoprase ;  both  are  much  prized  for  seals,  and  other  raised 
and  engraved  ornamental  works  of  art. 

(5.)  Flint,  the  properties  of  which  are  well  known,  is  found  in  large 
irregular  masses,  in  many  parts  of  England  and  about  Paris.  Its  applica- 
tion as  a  promethean  apparatus  has  diminished  considerably  since  the  inven- 
tion of  lucifer-matches  and  percussion-caps.  It  is  extensively  used  in  pot- 
teries. 

(6.)  Eomstone  is  a  variety  of  quartz  somewhat  similar  to  flint,  but  has  a 
more  splintery  fracture,  and  bears  a  remarkable  resemblance  to  horn. 

(7.)  Jasper  is  opaque,  dull,  and  only  slightly  lustrous,  on  account  of  the 
larger  amount  of  alumina  and  oxide  of  iron  which  it  contains.  It  ooours 
of  all  colours ;  but  red,  yellow,  and  brown  are  most  frequent 

(8.)  Flinty  slate  is  a  mineral  consisting  of  quartz,  alumina,  lime,  and  ses- 
quioxide  of  iron,  coloured  black  by  carbon ;  it  is  employed  as  a  whet-stone 
and  touch-stone. 
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(9.)  Agate  is,  generallj  speaking,  a  beautifully-marked  mineral,  consist- 
ing of  a  mixture  of  Tarious  kinds  of  quartz^  particularly  of  amethyst,  chal- 
cedony, and  jasper.  It  is  extensively  employed  by  lapidaries  for  making  a 
variety  of  ornamental  objects^  and  also  for  mortars,  which  arc  employed  for 
pulverising  very  hard  substances. 

32.  This  mineral  is  a  particular  variety  of  quartz,  containing  water  in 
chemical  combination.  It  does  not  occur  crystallized,  but  in  compact  vitreous 
masses,  and  is  distinguished  by  the  brilliant  and  changeable  reflections  of 
light  exhibited  by  some  of  its  varieties;  whence  the  term  opalescent  is 
derived.  Noble  opal  possesses  this  property  in  a  very  high  degree,  and  is 
therefore  much  prized  as  a  jewel.  Semi-opaly  or  common  opaly  is  less  re- 
markable for  its  change  of  colours.  Hydrophane  is  a  mineral,  possessing 
the  peculiar  property  of  becoming  transparent  and  iridescent  only  when 
moistened  with  water. 

Siiicums  sinter  and  mmtntain  meal  are  likewise  varieties  of  quartz,  oon- 
taining  water;  the  former  is  deposited  in  a  variety  of  forms  by  hot  springs, 
particularly  by  the  Geyser  of  Iceland.  The  latter  is  an  earthy  deposit  from 
silioious  waters,  and,  when  examined  under  the  microscope,  is  found  to  con- 
sist almost  entirely  of  the  shells  of  infusorise.  Another  kind  is  called 
polithing  slate^  and  is  employed  by  lapidaries  for  polishing  stones. 

SECOND  CLASS.— MINERALS  CONTAINING  METALS. 

FIRST  OEDER— LIGHT  METALS. 

6th  Group— POTASSIUM. 

33.  The  most  important  and  indeed  the  greater  number  of  minerals  con- 
taining potassium,  likewise  cont^iin  alumina,  as  an  essential  constituent :  we 
shall  Uierefore  describe  them  in  the  aluminous  group.  Of  natural  potassa 
salts,  we  have  only  to  mention  the  nitrate  and  the  sulphate  of  potassa. 

Nitrate  of  potassa,  or  nitre  (KOjNOs),  crystallises  in  regular  rhombic 
prisms,  but  is  found,  in  many  localities,  in  the  form  of  crusts  of  acicular  and 
capillary  crystals  (comp.  Chem.  §  69).  [In  Madison  County,  Kentucky,  it 
is  found  scattered  through  the  loose  earth,  covering  the  bottom  of  a  large 
cave.  Other  similar  caverns  in  the  western  part  of  the  United  States  also 
contain  it.] 

SulphaU  of  potassa  (KO,SOs)  belongs  to  the  same  crystalline  system, 
and  is  found  occasionally  in  volcanic  lava. 

6th  Gboup— sodium. 

34.  (1.)  Nitrate  of  soda  (NaO,NO»)  crystallises  in  the  hexagonal  system 
as  obtuse  rhombohedrons,  and  occurs  in  crystalline  masses  of  considerable 
magnitude;  which,  in  the  districts  of  Atakama  and  Tarapaca,  in  Peru,  extend 
over  a  space  of  nearly  200  miles. 

(2.)  Rock-salt,  chloride  of  sodium  (NaCl),  crystallises  in  the  cubical 
system ;  it  generally  occurs,  however,  in  tabular  crystalline  masses,  and  is 
easily  deavable  in  a  direction  parallel  to  the  planes  of  the  primary  form ;  its 
fracture  is  conchoidal,  H  =  2 ;  Sp.  Gr.  =  2*2  to  2*3 ;  its  colour  is  generally 
white,  but  it  is  also  found  of  a  red,  green,  yellow,  and  blue  colour;  its  che- 
mical properties  and  applications  are  detailed  in  Chemistry,  §  72.    Rock-salt 
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ooomrs  in  secondary  Rocks,  in  masses  of  coDsiderable  m^gmtodey  often  in 
oompaDj  with  gypsum,  alumina,  and  saline  clay.  [In  the  United  States,  it 
has  been  found  forming  large  beds  with  gypsum,  m  Virginia,  Washington 
Co.,  18  miles  from  Abingdon,  and  in  the  SaUnon  River  Mountains  of  Oregon.] 
The  salt-works  of  Cheshire,  of  Hallein  in  Saltsburg,  and  of  Wielitzka,  in 
Gallicia,  are  particularly  celebrated :  in  the  latter  is  found  the  decrepitating 
mlty  which  dissolves  in  water  with  a  decrepitating  noise  and  disengagement 
of  numerous  bubbles  of  hydrogen  gas.  The  eas  is  enclosed  between  the 
crystalline  planes  of  the  salt.  A  number  of  other  minerals  containing  soda 
are  found,  but  are  of  less  importance  than  the  foregoing.  Of  these  may  be 
mentioned  anhydrous  and  hydrated  sulphate  of  soda  rThenardite  =  NaO,SOa, 
and  Glauberite  =  NaO,SOs+10HO);  carbonate  or  soda,  containing  a  large 
quantity  of  water  (8oda  =  NaO,COg+10HO),  and  another  kind  contain- 
ing little  water,  called  irana  ^2NaO,8C08  +  4H0),  which  occurs  in  the  in- 
terior of  Barbary  in  consideraolo  quantities,  as  a  crust  on  the  earth,  and  is 
applicable  to  the  same  purposes  as  soda. 

Biborate  of  toda  (NaO,2BOs+10HO),  as  a  mineral,  is  called  borax  or 
tincal,  and  is  found  at  the  bottom  and  on  the  borders  of  a  lake  in  Thibet 

7th  Geoup— ammonia. 

85.  Since  the  combinations  of  ammonia,  as  we  have  seen  in  §  78  of  Che- 
mistry, are  of  a  volatile  nature,  they  occur  only  in  iDconsiderable  masses, 
though  not  unfrequently,  in  the  mineral  kingdom.  They  are  met  with  prin- 
cipally as  crystalline  coatings  or  crusts ;  for  instance,  in  cavities  and  the  fis- 
sures of  lava  of  active  volcanoes,  in  brown-coal  works,  particularly  in  the 
neighbourhood  of  burning  and  spent  heaps  of  coals. 

8th  Gaoup— calcium. 

86.  This  metal  forms  an  extensive  group  of  minerals,  which  possess  a  low 
degree  of  hardness  and  density,  and  are  generally  of  a  pure  white  colour. 
The  most  remarkable  are — 

(1.)  FlxMrvpar  (CaFl),  which  crystallises  in  various  forms  of  the  regular 
system,  but  most  frequently  as  cubes.  It  is  perfectly  deavable ;  its  fracture 
is  conchoidal ;  H  =  4 ;  Sp.  Or.  =  8*1  to  8-17 ;  it  is  transparent  and  gradually 
passes  into  translucency,  and  seldom  occurs  white,  being  generally  tinted 
fiuntly  violet,  green,  yellow,  &c. ;  regarding  its  chemiod  properties,  see 
Chemistry,  §  89.  Fluorspar  is  a  mineral  of  frequent  occurrence,  though 
never  in  considerable  masses.  The  same  mineral  occurs  amor- 
^yts^^jft  phous,  as  compact  fiuor  and  earthy  fluor. 
r     ;^  \  /2.)  Anhydrite  (CaO,SOi),  or  anhydrous  sulphate  of  lime, 

is  round  generally  associated  with  gypsum  and  rock-salt.  It 
occurs  crystallised,  and  also  in  radiated,  granular,  and  compact 
masses. 

(8.)  Gypnim  (CaO^Os-f2HO),  or  hydrated  sulphate  of 

lime,  occurs  most  frequently  in  tabular  crystals,  which  may  be 

cleaved  into  very  thin  laminae ;  they  belong  to  the  system  of 

33,  the  fourth  primary  form  (fig.  16) ;  H  =  2 ;  Sp.  Or.  =  2  to  24. 

It  frequently  occurs  in  double  or  twin  orystals,  of  the  form  re> 

presented  in  fig.  88.     It  is  possessed  of  double  refiraotive  poweri  vitreous 
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Imtre,  and  genenllj  has  a  white  colour.  This  kind  of  gypenm  is  oaUed 
gdenite ;  there  are,  hesides,  other  varieties,  vi«.,  fibrous  gypsam ;  compact 
or  granular  gypsam,  which  is  called  alabaster,  and  earth}/  gypsum.  Re- 
garding its  application,  see  Chemistry,  §  81. 

(4.)  ApatUej  sometimes  called  asparagus-stone,  on  account  of  its  beauti- 
All  pale-green  colour,  consists  of  phosphate  of  lime,  fluoride  and  chloride 
of  calcium.  It  crystallises  in  the  hexagonal  system,  often  like  fig.  41,  and 
is  frequently  embedded  in  various  kinds  of  rocks. 

(6.)  PharmacoHte  is  arseniate  of  lime  (  =  CaO, AsOs). 

(6.)  Carbonatb  op  Lime  (CaO,C08). 

37.  This  mineral  exhibits  the  remarkable  peculiarity  of  crystallising  in 
forma  belonging  to  two  different  systems;  hence  its  varieties  form  two  fami- 
lies, namely,  those  of  Calcareous  spar  and  Arragonite. 

(1.)  Calcareous  spar  crystallises  in  the  hexagonal  system,  and  more  par- 
ticularly in  modifications  of  the  rhombohedron  (fig.  20).  These  are  so 
exceedingly  numerous,  that  1,700  different  forms  have  already  been  distin- 
guished.    Figures  39  to  44  represent  some  of  the  chief  forms  of  carbonate 
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of  lime,  which  we  shall  briefly  describe,  as  they  give  much  insight  into  the 
mysteries  of  crystallography.  Fig.  39,  r  shows  the  planes  of  the  primitive 
rhombohedron  (obtainable  from  aU  the  crystals  of  calcareous  spar  by  cleavage), 
combined  with  r4,  a  more  obtuse  rhombohedron,  and  r  2,  a  more  acute 
rhombohedron.  In  fig.  40,  the  primary  rhombohedron,  r,  is  almost  entirely 
obliterated  by  the  large  planes  of  the  obtuse  rhombohedron,  r^.     In  fig.  41 
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we  have  a  regular  six-sided  prism,  such  as  forms  the  middle  portion  of  the 
eryelal  represented  by  fig.  19.     Fig.  42  represents  small  fiioes  of  the  primi* 
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tive  rhombohedron,  r,  oombioed  with  a  predomiDant  and  very  aoate  rfaom- 
bohedron,  r  4.  In  fig.  43  we  have  the  obtuse  rhombohedron,  r  ^,  termi- 
nating a  regular  six-sided  prism,  g  (fig.  41),  and  in  fig.  44  the  inverse,  but 
equal  six-sided  prism,  a,  terminated  by  the  regular  rhombohedron,  r.  Crys- 
tals of  all  these  forms  are  readily  procured  among  the  minerals  of  Cumber- 
land and  Derbyshire. 

Fortunately  the  remaining  properties  of  oaloareoos  spar  are  such  as  to 
admit  of  its  easy  recognition.  It  is  very  easily  cleavable  into  the  primitive 
rhombohedron  (fig.  20),  and  into  tables  such  as  shown  by  fig.  45.  It  has  a 
conchoidal,  splintery,  and  uneven  fracture ;  H  =  3 ;  Sp.  Gr.  =  2-6  to 
2*17  \  it  becomes  electric  by  friction,  is  soluble  in  the  mineral  acids  with 
evolution  of  carbonic  acid,  and  is  converted  by  exposure  to  a  red-heat,  into 
caustic  lime  (Chemistry,  §  79).     Its  varieties  are : — 

(a.)  CryntaHised  calcareous  spavj  called  also  Iceland  spar,  or  doitbly 
refracting  spar,  because  it  is  possessed  of  double  refractive  power  in  a  high 
degree  (§  14).  It  most  generally  forms  tabular,  transparent,  colourless 
crystals  of  vitreous  lustre,  often  occurring  in  all  varieties  of  formations,  par- 
ticularly in  drusio  cavities  and  in  metallic  veins.  The  double  refracting 
spar  found  in  Iceland  is  celebrated  for  its  beauty.  (6.)  Fibrow  limestonef 
which  occurs  principally  in  stalactitic  formations,  in  the  cavities  of  chalk-hills, 
(c.)  Marble,  or  granular  carbonate  of  lime,  which  is  most  esteemed  when  it 
is  perfectly  white,  fine-grained,  compact,  and  free  from  coloured  veins.  It  is 
employed  in  that  state  by  sculptors,  for  their  most  beautiful  productions. 
The  most  celebrated  marble  quarries  are  those  of  Carrara,  in  Italy,  and  of 
Pares,  in  Greece.  Coloured  marble,  frequently  containing  variegated  spots 
and  veins,  is  much  more  common ;  it  is  employed  for  pedestals,  columns,  kc. ; 
it  is  one  of  the  most  beautiful  building  materials,  and  is  often  imitated  with 
coloured  and  polished  gypsum  (stucco),  (d.)  Schiefer  spar,  (e.)  Aphrite, 
or  earth-foam,  (f.)  Compact  limestone,  in  which  no  crystalline  structure 
is  perceptible,  ana  which  generally  occurs  in  large  masses,  forming  entire 
limestone-hills.  It  is  found  in  all  later  mountain  formations,  in  the  roost 
varied  forms  and  colours,  as  stinkstone,  marl,  oolite  (Roestone),  calcareoiu 
tufa,  &c.  (g.)  Chalk,  well  known  as  the  fine  earthy  white  writing  material, 
occurring  in  masses  in  the  tertiary  formations,  particularly  in  England  and 
in  France  (Champaigne). 

(2.)  Arragonite,  the  crystals  of  which  belong  to  the  rhombic  system  (fig. 
13),  and  generally  occur  as  rhombic  prisms.  The  crystals  are  sometimes 
isolated,  and  often  grown  together,  groups  being  thus  frequently  produced, 
which  have  the  appearance  of  hexagonal  prisms.  Arragonite  is  cleavable; 
its  fracture  is  conchoidal  and  uneven ;  H  =  3  to  4;  Sp.  Gr.  =  2-9  to  3, 
it  is  transparent,  vitreous,  and  colourless.  It  is  not  unfrequently  found  i& 
the  vesicular  cavities  of  basalt  and  other  rocks.  It  occurs  in  groups  of  hex- 
agonal prisms  in  Arragonia,  whence  its  name  is  derived.  !&sides  crystal- 
lised arragonite,  we  also  find  radiated  and  fibrous  arragonite. 

9th  Group  — barium. 

38.  (1.)  Heavy  spar,  or  sulphate  of  baryta  (BaO,  SO,),  crystallises  ia 
rhombic  prisms,  of  which  there  exist  about  73  modifications ;  £g.  46  repre- 
sents  one  of  the  tabular  forms  in  which  this  mineral  crystallises.  It  is  pe^ 
fecUy  cleavable^  and  exhibits  an  imperfect  conchoidal  fracture ;  H  =  8  to 
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3-5  ;  Sp.  Or.  =  4*3  to  4-58,  whereby  it  is  easily  distinguished  from  spathic 

nuDerals  of  nearly  similar  forms.     It  is  transparent, 

and  possesses  double  refraotive  power  and  vitreous      p^..,^     ^  -r^.^-...,^ 

lustre;   it  imparts  a  green   colour  to  the  blowpipe      U^..[..    -^^..^^ 

flame.     A  piece   of  heavy  spar,  when  warmed,  or 

heated  to  redness,  will  remain  luminous  in  the  dark  46. 

for  some  time  afterwards. 

Crystallised  heavy  tpar  is  a  mineral  of  frequent  occurrence  in  mineral 
veins.  It  is  employed  as  a  white  paint,  and  used  to  adulterate  white-lead 
(Chemistry,  §  83).  Heavy  spar  also  occurs  radiated,  fibrous,  granular,  com- 
pact, and  earthy. 

(2.)  Wiiheritey  or  carbonate  of  baryta  (BaO,COa),  crystallises  in  regular 
rhombic  prisms,  and  is  principally  found  in  this  country.  It  is  employed 
as  the  source  of  many  of  the  other  compounds  of  baryta ;  as,  for  instance, 
of  chloride  of  barium,  nitarate  of  baryta,  &c. 

IOth  Geoup— strontium. 

89.  (1.)  Cdestinej  or  sulphate  of  strontia  (SrOjSOg),  crystallises  in  the 
rhombic  system  (fig.  13),  the  rhombic  prism  being  the  prevailing  form. 
Its  cleavage  is  perfect;  its  fracture  conchoidal  or  uneven;  H  es  3  to  3-5; 
Sp.  Gr.  =  3*8  to  3-96;  it  is  transparent,  double  refraotive,  colourless  or 
white,  of  vitreous  lustre,  and  imparts  a  crimson  colour  to  the  flame  of  the 
blowpipe.  It  does  not  occur  very  frequently.  The  varieties  of  this  mineral 
are  :  —  ceUstine-spary  radiated  celestine,  and  fibrous  celestine,  which  has  a 
blue  tint,  and  is  found  at  Jena ;  and  compact  celestine,  which  contains  from 
8  to  9  per  cent,  of  carbonate  of  lime.  These  minerals  are  employed  for 
the  preparation  of  strontia-salts  (Chemistry,  §  84). 

(2.)  Strontianit€y  or  carbonate  of  strontia  (SrO,COi),  is  of  less  frequent 
occurrence  than  the  preceding  mineral,  and  crystallises  in  the  same  system. 

llTH  Group  — MAGNESIUM. 

40.  This  metal  forms  a  rather  larger  group  of  minerals  than  the  preceding 
metals.  Amon^  these  may  be  mentioned  peridase,  which  is  nearly  pure 
magnesia  (^MgO) ;  hydrate  of  magnesia  ([MgO,HO) ;  horacitey  or  phosphate 
of  magnesia;  and  kydrohoracite,  containing,  besides  the  latter  substance, 
phosphate  of  lime  and  water.  AH  these  minerals  occur  but  rarely,  and  in 
inconsiderable  masses.  Sulphate  of  magnesia  (MgO,SOs),  is  of  more  fre- 
quent occurrence ;  but,  on  account  of  its  solubility,  is  only  found  as  thin 
crusts  or  films  of  crystalline  fibres  in  the  clefts  of  rocks.  In  the  Siberian 
steppes,  however,  whole  districts  are  found  covered  with  this  and  other 
magnesian  salts.  It  is  contained  in  laree  quantities  in  magnesian  mineral 
waters,  particularly  in  those  of  Epsom,  Seidlitz,  Eger,  and  Seidschtitz. 

Magnestte,  carbonate  of  magnesia  (MgO,C02),  occurs  either  crystallised, 
as  magnesite  spar  (talo-spar),  or  as  compact  magnesite.  The  former  crys- 
talltses  in  thenexagonal  system,  and  is  found  in  the  form  of  obtuse  rbom- 
bohedrons;  H— 4;  Sp.  Gr.  =  3.  The  magnesian  limestone,  consisting  of 
lime,  magnesia,  and  carbonic  acid  (CaO,C02  +  MgO,C02))  is  a  mineral 
occurring  in  larger  masses.  Its  crystalline  variety  is  called  hitter  n>ary  and 
sometimes  brown  spar.    It  occurs  in  obtuse  rhombohedrons,  nearly  resem- 
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bliDg  fig.  20,  which  are  easily  cleavable,  and  of  conchoidal  fnctare; 
H  =  8-5  to  4 ;  Sp.  Or.  =  2-8  to  3.  It  is  semi-transparent,  has  a  Titreoin 
lustre,  and  is  white,  or  frequently  coloured  yellow  or  brown  by  the  presence 
of  iron  or  manganese.  It  is  principally  found  in  clefts  and  cavities  of  the 
granular  magnesio-calcite,  called  Dolomite.  The  white  crystalline  variety 
of  Dolomite  resembles  marble,  the  coloured  kinds  are  like  common  varieties 
of  limestone ;  and  as  it  occurs  in  large  masses,  it  is  employed  for  similar 
purposes. 

The  combinations  of  magnesia  with  silicic  acid,  form  a  partioalar  class  of 
minerals,  of  which  Talc  is  a  prominent  member.  This  mineral  contains  62 
per  cent,  of  silicic  acid,  80  per  cent,  of  magnesia,  and  occurs  principally  in 
aggregates  of  imperfect  crystals.  It  is  smooth  and  unctuous  to  the  touch, 
is  very  soft,  and  is  white  or  faintly  coloured.  It  is  found  in  quantities  as 
chlorite  slate.  A  variety  of  this  mineral,  called  pot-stone,  which  may  be 
cut  and  turned,  is  employed  for  the  manufacture  of  various  vessels.  Bendes 
the  above,  we  shall  mention,  in  connection  with  magnesiai  the  serpentine 
and  augite  minerals^  which  may  be  grouped  into  families. 

1st  Family — Seepbntini. 

41.  This  class  comprises  soft  minerals,  which  may  be  cut  with  a  knife, 
their  hardness  rarely  exceeding  2-3.  They  do  not  occur  in  crystals,  but  are 
mostly  opaque,  difficultly  fusible,  and  but  slightly  lustrous.  They  princi- 
pally consist  of  magnesia  and  silicic  acid,  generally  coloured  by  oxide  of 
iron.  To  this  family  belongs  the  unctuous  Steatite,  or  soap-stone,  which  is 
employed  for  removing  grease-spots,  or  as  a  soft  polishing  powder,  as  also 
for  the  manufacture  of  a  great  variety  of  objects  of  art.  The  most  com- 
mon varieties  are  French  chalk,  and  the  well-known  meerschaum,  which  is 
used  for  the  manufacture  of  tobacco-pipes.  Serpentine,  which  is  called 
ophite,  or  snake-stone,  on  account  of  its  green-spotted  appearance,  resem- 
bling the  skin  of  a  snake,  forms  compact  masses  of  granular  fracture,  occur- 
ring as  rocks.  Its  hardness  is  3 ;  it  is  employed  for  the  manufacture  of  a 
number  of  objects,  particularly  columns,  boxes,  mixing-mortars  for  chemists 
and  druggists,  &c.  There  is  moreover  a  large  number  of  minerals  resem- 
bling serpentine,  which  may  be  classed  in  this  family. 

2nd  Family — Augites. 

These  minerals  possess  a  hardness  between  4*5  and  7,  and  a  spedfio  grav« 
ity  of  2*8  to  3*5.  Their  prevailing  colours  are  dark-green 
and  black ;  they  are  fusible  before  the  blowpipe.  Their 
principal  constituents  are  silica  and  magnet,  but  some  of 
them  also  contain  considerable  quantities  of  other  oxides, 
such  as  sesquioxide  of  iron  and  alumina,  which  render  it 
difficult  to  classify  these  minerals  according  to  their  chemi- 
ical  constituents.  The  auffites  occur  in  peculiar  crystalline 
forms,  and  not  unfrequently  in  considerable  masses.  They 
are  also  contained  in  many  varieties  of  rocks,  such  as  lava, 
47.  basalt,  &o.     The  most  important  members  of  this  family 

are  augite  and  hornblende,  of  which  the  various  kinds  are 
again  distinguished  by  difiierent  names. 
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Auffiu  oTstaUises  in  pnsms  belonging  to  the  foorth  system ;  fig.  47 
represents  one  of  its  usual  forms :  its  different  varieties  occur  principally  in 
volcanic  formations  and  their  vicinities.  The  most  notable  are  —  diapside^ 
dtallage,  bronzite,  hyperxthene,  and  kokolite. 

Hornblende  belongs  to  the  same  crystalline  systems  as  the  preceding  min* 
eral,  with  which  it  likewise  exhibits  similarity  in  its  chemical  oompositioQ 
and  colour.  Asbestos^  amianthm,  and  numrUain  corkf  must  be  viewed  as 
varieties  of  hornblende,  orystallised  in  exceedingly  fine  needles.  The  most 
pliable  kinds  of  asbestos  are  mixed  with  fiax,  and  woven  into  stufis  and 
cloths,  from  which  the  flax  may  be  removed  by  simple  ignition^  and  thus 
incombustible  cloths  arc  prepared,  which  may  be  worn  in  case  of  danger 
from  fire.  The  dead  bodies  of  the  rich  were,  in  ancient  times,  enveloped  in 
such  garments,  and  then  burned;  by  which  means  their  ashes  were  preserved. 

12th  Gboup— aluminum. 

43.  This  group  is  exceedingly  large  and  numerous,  and  must  therefore  be 
subdivided  into  families.  Of  these  minerals  there  are  only  a  few  which 
contain  the  sesquioxide  of  aluminum,  or  alumina,  as  the  chief  constituent. 
It  forms,  however,  the  principal  compound  when  in  combination  with  silicic 
acid ;  and  the  large  amount  of  the  latter  substance  in  a  mineral,  frequently 
renders  it  doubtful  whether  it  should  not  rather  be  classed  among  the  silici- 
ous  than  the  aluminous  group.  This  class  contains  a  large  number  of 
minerals,  which  are  important  to  the  arts  and  to  agriculture;  it  likewise 
includes  the  most  precious  jewels,  next  in  value  to  the  diamond  itself. 

IsT  Family — Cohundums. 

44.  These  minerals,  consisting  of  pure  alumina  (Al^Os),  occur  in  various 
forms.  (1.)  The  crystallised  variety  is  sapphire,  which  is  found  in  various 
modifications  of  the  hexagonal  system.  It  is  cleavable,  and  of  oonohoidal 
fi-acture;  Sp.  Gr.  =4;  H.  =9;  it  is  perfectly  transparent,  possesses  a 
highly  vitreous  lustre,  and  beautiful  blue  colour ;  it  is,  however,  also  found 
of  a  red,  green,  yellow,  and  white  colour ;  the  red  variety,  which  is  called 
ruby,  being  very  highly  prized.  [The  yellow  variety  is  called  topaz ;  and 
the  green,  emerald!]  The  above  properties  render  sapphire  a  very  valuable 
gem :  it  occurs  in  small  crystals  in  Germany,  but  the  finest  specimens  are 
found  in  the  East  Indies,  in  diluvial  soils  and  in  the  sand  of  rivers,  which 
have  their  source  in  such  formations.  [A  fine  blue  variety  of  sapphire 
occurs  at  Newton,  N.  J.;  and  well-demied  crystals  of  bluish  and  pink 
colours  are  found  at  Warwick,  N.  Y.] 

(2.)  Common  corundum  is  found  in  rough,  scarcely  translucent,  dull,  or 
dhrty-coloured  crystals,  embedded  in  granitic  rocks ;  being  possessed  of  great 
hardness,  it  is  reduced  to  powder,  and  employed  for  cutting  and  polishing 
other  precious  stones.  (3.)  Eraery  occurs  in  compact  or  granular  masses, 
which  are  found  in  Saxony,  in  Greece,  and  in  other  localities,  embedded  in 
mica-slate.  It  is  but  slightly  lustrous,  and  has  a  bluish-grey  colour.  Its 
powder  is  frequently  employed  for  cutting  and  polishing. 

2nd  Family — ^Alums. 

45.  (I.)  Alumtnite  (AljOsjSOj+OHO)  is  basic  sulphate  of  alumina,  and 
b  found  in  small  quantities  as  a  white  earthy  mass.     (2.)  Sulphate  of 
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alumtna  (Al^O^fiSOs+lSUO),  tenned  also  feathe»Jam,  occurs  in  fifarous 
crystalline  crasts,  or  in  porous  aad  compact  masses.  (3.)  Alum-Uonej  con- 
sisting of  alumina,  potassa,  and  sulphuric  acid,  crystallises  in  the  hexagonal 
system  as  rhombohedrons,  and  is  found  particularly  in  the  yicinity  of  Rome, 
where  it  is  employed  for  the  preparation  of  Roman  alum ;  which,  as  it  con- 
tains no  iron  in  chemical  combination,  was  for  a  long  time  particularly  prized, 
until  the  progress  of  Chemistry  made  us  acquainted  with  other  methods  of 
preparing  alum  free  from  iron.  (4.)  Alum  ('K0,SQ8+ AlaOs^SSO,  +  24H0), 
with  which  we  have  become  acquainted  in  the  section  Chemistry,  §  87,  occurs 
likewise  in  Nature,  crystallised  in  regular  octohedrons.  It  b  an  interesting 
&ct,  that  vario«s  minerals  exist  which  have  a  composition  corresponding  to 
that  of  alum,  in  which  the  potassa  is  replaced  by  other  bases,  without  the 
form  of  the  crystal  being  in  the  least  altered.  Thus  we  are  acquainted  with : — 

Potassa-alum  =      KO,SOa  +  AlA^^SO,  +  24HO. 

Soda-alum  =     NaO,SO,  -f  AlaOsjSSO,  -f-  24  HO. 

Ammonia-alum  =  NH,0,S03  +  AlgOs.SSOs  +  24HO. 

Manganese-alum  =    MnO,S03  +  Al808,3SO,  +  24HO. 

a  series  of  compounds,  the  formulse  of  which  present  the  greatest  similarity. 
Such  compounds  as  the  above,  containing  different  constituents,  but  crystal- 
lising in  the  same  form,  are  tenned  isomorphouSf  that  is,  of  similar  form : 
we  shall  meet  with  several  other  examples  of  isomorphism  as  we  proceed. 

Phosphate  of  alumina  is  likewise  found  in  the  crystalline  form^  and  is 
called  Wavelltte, 

8rd  Family — Spinels. 

46.  These  minerals  are  combinations  of  alumina  and  magnesia,  and  are 
represented  by  the  formula  MgO,Als0s,  in  which  the  alumina  occupies  the 
place  of  an  acid.  They  crystallise  in  regular  octohedrons  and  in  modifications 
of  this  form ;  they  are  distinguished  by  their  hardness  (H. =8 ;  Sp.  Gr. =3  -8), 
lustre,  and  transparency,  and  are  prized  as  valuable  gems.  Various  kinds 
of  spinel  are  distinguished  by  the  colour:  the  scarlet  variety,  which  is 
called  spinel  ru&y,  is  the  most  highly  prized ',  it  occurs  in  the  East  Indies. 
Besides  this  variety^  we  are  acquainted  with  blue,  green,  and  black  spinels. 

4th  Family — Zeolites. 

47.  The  Zeolites,  or  boiling  stones,  so  called  on  account  of  their  containing 
water,  with  which,  when  heated  before  the  blowpipe,  they  part  under  tiUt*- 
mescence,  are  mostly  white,  vitreous,  and  transparent;  they  possess  a  hardness 
of  3*5  to  3*6,  and  a  specific  gravity  of  from  2  to  3.  Their  principal  con- 
stituent is  silicate  of  alumina,  which,  in  the  different  varieties,  is  combined 
with  variable  quantities  of  silicate  of  potassa,  soda,  and  lime,  and  with  water 
of  crystallisation  often  in  considerable  quantities.  Although  these  minerals 
are  interesting  on  account  of  their  chemical  composition,  and  particularly  the 
variety  and  peculiarity  of  their  crystalline  forms,  there  is  no  member  of  the 
&mily  that  is  of  any  importance  with  regard  to  frequency  of  occurrence  or 
technical  application.  We  must  confine  ourselves  to  mentioning  a  few  of 
the  best  known  zeolites^  such  as  analdme^  luirmotome^  or  cross-stonC;  so 
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called  from  tbe  crystals  often  crossing  each  other  at  right  angles,  gtilhife, 
chahasUcy  mesotype,  natrolite,  prehnite,  Thomsonit€y  &c.  Very  beautiful 
specimens  of  all  these  minerals  are  found  in  cavities  in  the  basaltic  rocks 
near  Kilpatrick  and  Kilmacolm,  on  tlie  Clyde. 

5th  Family — Clays. 

48.  By  the  term  clay  is  understood  a  chemical  combination  of  silica  with 
alumina  (AlgOajSiOs),  as  has  already  been  mentioned  in  Chemistry,  §  87. 
The  minerals  of  which  clay  is  the  principal  constituent  are  either  crystallised, 
possessing  a  hardness  of  about  7*5,  transparent,  and  of  vitreous  lustre,  or 
they  are  compact  or  earthy.  All  varieties  of  clay  are  diflBcultly  fusible  or 
perfectly  infusible  before  the  blowpipe.     The  more  remarkable  are : — 

(1.)  AndaJusitey  which  occurs  in  regular  rhombic  prisms:  H=7'5;  Sp. 
Gr.=3-1  to  3-2 :  it  is  infusible  and  generally  flesh-coloured.  (2.)  Chia^to- 
liUy  so  called  Tfrom  the  Greek)  in  fdlusion  to  its  being  marked  with  the 
Greek  letter  chi  (X),  visible  on  the  cross-sections  of  the  crystals.  (3.) 
Disthhuj  which  crystallises  in  columns,  belongs  to  the  4th  system,  and 
acquires  a  bluish  luminosity  when  gently  heated :  H.  =  5  to  7  ^  Sp.  6r. 
=  3-5  to  3-6. 

The  following  are  earthy  clays,  coloured  red,  yellow,  or  brown,  by  sesqui- 
ozide  of  iron  or  its  hydrate :  Yellow  ochrCy  which  is  used  as  a  colour. 
TripoUy  employed  for  polishing.  Boky  or  Lemnian  earth,  is  a  red  clay, 
unctuous  to  the  touch,  and  adheres  to  the  tongue ;  it  was  formerly  used  in 
medicine,  and  is  now  employed  as  a  colour,  particularly  for  earthen  utensils. 
Terra  d^  Sienna  is  a  brown  clay,  employed  as  a  colour  by  artists  and 
printers.     LUhomarge  occurs  in  fissures  of  various  rocks. 

The  most  valuable  of  all  clays  is  the  porcelain  earthy  or  Kaolin,  (3  AljOs, 
4SiOs  +  6H0,)  which,  as  will  be  seen  hereafter,  consists  of  disintegrated 
felspar,  and  forms  large  earthy  masses,  which  are  white,  or  only  faintly 
tinted,  and  perfectly  free  from  iron.  This  valuable  material,  which  is  used 
in  Uie  manufacture  of  porcelain,  is  found,  though  not  frequently,  in  layers 
in  granite  and  other  rocks.  Superior  kinds  are  obtained  from  Cornwall, 
Schneeberg,  Meissen  in  Saxony,  Passau,  Carlsbad,  Limoges  in  France,  and 
from  many  other  places.  That  this  earth  is  found  in  China  and  Japan  is 
proved  by  the  importation  of  the  first  porcelain  from  these  empires,  and  also 
by  the  name  Kaolin  having  been  given  to  this  mineral. 

49.  Common  clay  is,  however,  of  far  more  importance  to  mankind  than 
even  porcelain  earth.  When  somewhat  similar  to  the  latter,  it  is  called  por- 
celain clay ;  or  pipe  clay,  if  it  is  white ;  Potter's  clay,  if  coloured  and  of 
coarser  qimlity.  All  clays  are  unctuous  to  the  touch  and  adhere  to  the 
tongue,  since  they  absorb  and  retain  water  with  great  avidity.  They  absorb 
&t  and  oil  still  more  powerfully,  and  are  hence  employed  for  removing 
grease-spots.  Clay  is  also  possessed  of  a  peculiar  odour,  which  arises  from 
its  property  of  absorbing  ammonia  from  the  atmosphere.  Clay  is  infusible, 
and  blocks  of  burnt  clay  are  therefore  employed,  under  the  name  of  fire- 
bricks, for  building  structures,  which  are  to  sustain  a  high  temperature, 
such  as  porcelain  furnaces,  blast  furnaces,  glass  furnaces,  &c.  Earthy  clay 
15  employed  for  the  manufacture  of  various  kinds  of  pottery  (Chemista^, 
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§  88).     When  clay  contaiDs  lime  in  admixture  ilk  loses  its  peeuHar  proper- 
tieS)  particularly  its  infusibility ;  it  then  passes  into  marl  and  loam. 

Id  concluding  our  description  of  this  family,  mention  must  be  made  (^ 
agalmatoUte,  a  clay-stone,  out  of  which  the  Chinese  carve  their  idols  (Pa- 
godas), and  produce  figures  which  give  us  anything  but  a  sublime  concep- 
tion of  a  deity. 

6th  Family — Felspars. 

50.  The  name  ^ar  is  very  old,  and  was  probably  chosen  to  indicate  a 
cieavable  crystallised  mineral.  The  minerals  of  this  class  bear  a  great  simi- 
larity in  their  composition  to  the  zeolites,  if  the  water  contained  in  the  latter 
be  disregarded.  Their  hardness  reaches  to  7,  their  specific  gravity  to  3-3. 
They  are  mostly  possessed  of  vitreous  lustre,  are  generally  coloured,  and  difr 
cultly  fusible  before  the  blowpipe.     The  most  remarkable  are  as  follow :  — 

(1.)  i?V/spar(KO,SiO,+ AlA,38i03), 
which  crystallises  in  prisms  of  a  great  va- 
riety of  forms,  belonging  to  the  oblique 
rhombic  system  of  crystallisation  (fig.  14). 
Figs.  48  and  49  represent  two  of  its  usual 
crystals.  It  is  easily  cieavable,  and  has  an 
uneven  fracture ;  H. = 6 ;  Sp.  Gr.  =2*5 : 
it  is  transparent,  of  vitreous  lustre,  white 
or  flesh-coloured,  and  occasionally  green. 
It  occurs  in  aggregations  of  well-defined 
crystals,  as  also  in  large  crystalline  masses. 
It  is  found  most  frequently  as  a  constitu- 
ent of  various  kinds  of  rocks,  particularly 
of  granite,  gneiss,  and  syenite,  which  ren- 
ders it  of  particular  importance.  A  bluish-green  felspar,  of  peculiar  inter- 
nal nacreous  lustre,  is  termed  adviaria,  or  moonstone.  The  amorphous, 
compact  felspar  is  called  felspar  rock,  otfdsite.  This  forms  likewise  a  prin- 
cipal constituent  of  various  rocks. 

(2.)  Alhite  (NaO,Si08+Al203,3SiOs)  is  felspar,  containing  soda  instead 
of  potassa.  It  is  likewise  an  important  constituent  of  many  rocks,  ^po- 
dumene,  or  oligoklase,  is  similar  in  composition.  Lahradorite  is  remai^a- 
ble  for  its  opaline  reflections,  of  a  blue,  yellow,  or  red  hue,  somewhat 
resembling  the  colours  observed  on  the  breasts  of  pigeons,  and  on  many 
butterflies.  Besides  these  varieties,  we  may  meption  anorthitey  leuciUj  n#- 
pJieltTief  sodcUtte,  and  hauyne. 

(3.)  LazulUe,  or  Lapifhlazuliy  is  distinguished  by  its  magnificent  Woe 
colour.  It  is  found  in  Siberia,  Thibet,  and  China,  and  is  extensively  em- 
ployed in  jewellery  for  ornamental  works;  and,  when  properly  prepared,  is 
used  as  a  beautiful  pigment,  under  the  name  of  tdlramarine.  Since,  how- 
ever, chemists  have  become  accurately  acquainted  with  the  oonsUtutioo  of 
this  mineral,  they  have  succeeded  in  preparing  the  above  colours  artificially. 
(Chemistry,  §  89.) 

The  following  minerals  appear  to  be  mixtures  of  silicic  acid  and  felspar, 
which  have  be^me  fused  together,  by  a  high  temperature,  to  vitreous, 
slaggy,  or  spongy  masses.  Obtidian  occurs  in  black,  hive,  or  greenish- 
black  vitreous  masses,  and  is  employed  for  the  manti&etare  of  omamenta^ 
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Boeli  as  boxeei,  bnttonfl,  &o.  The  Sooth  Americans  employ  this  mineral  for 
the  mann^ture  of  knives,  weapons,  &o.  Pumice^stoiiey  which  is  found  in 
stream-like  layers  in  the  vicinity  of  volcanos,  is  very  porous,  fibrous,  and 
vitreous,  and  is  employed,  as  is  well  known,  for  eutdng  and  polishing,  par- 
ticnlarly  softer  objects,  since  its  hardness  is  only  =  4*5.  Fearlstone  and 
jnichstone  likewise  belong  to  this  family. 

7th  Family  —  Garnets. 

51.  This  family  embraces  minerals  of  very  remarkable  crystalline  forms; 
they  do  not,  however,  occur  in  large  quantities,  and  are  not  applicable  to  the 
arts,  excepting  to  jewellery.  Their  hardness  varies  from  5  to  7*5;  their 
8p.  Gr.  from  2*6  to  4-3.  They  are  mostly  coloured  and  fusible  before  the 
blowpipe.  Besides  Wemente  and  Axinite^  the  latter  remarkable  for  the 
peculiar  form  of  its  crystals,  fig.  17,  Tourmaline,  or  schorl  is  particularly 
worthy  of  mention.  The  latter  crystallises  in  very  complicated  forms, 
which  are  derived  from  an  obtuse  rhombohedron  of  the  hexagonal  system. 
The  usual  forms  are  six-sided  prisms,  so  much  distorted  as  to  resemble 
three-sided  prisms,  generally  perfect  only  at  one  end.  Its  chemical  compo- 
sition cannot  be  well  expressed  by  a  formula ;  it  contains  many  constituents, 
among  which  are  boracio  acid,  alumina,  and  silicic  acid.  It  is  worthy  of 
mention,  that  a  crystal  of  tourmaline,  when  warmed,  becomes  negatively 
electric  at  one  extremity  and  positively  electric  at  the  other.  Tourmalines 
are  found  of  all  colours :  the  transparent  green  and  brown  crystals  are  em- 
ployed in  the  investigation  of 
certain  phenomena  of  light. — 
It  may  be  remarked  of  Stavr 
rolile  that  its  crystals  fre- 
quently occur  in  regularly- 
formed  crosses  (fig.  50). — 
The  best-known  minend  of 
this  group  is  Garnet,  which 
erystallises  in  beautiful  rhom- 
bic dodecahedrons  (fig.  51), 
belonging  to  the  regular  sys- 
tem. It  consists  of  silicate  of  alumina,  combined  with  another  silicate  of  a 
metallic  oxide,  generally  lime  or  iron,  but  which  varies  exceedingly,  so  that 
a  whole  series  of  difierent  garnets  are  known,  like  the  alums  (§  45),  corre- 
sponding pretty  accurately  in  their  physical  characters ;  and  many  of  them 
occurring  together  in  the  same  mass.  Garnets  are  very  imperfectly  cleava- 
ble,  their  fracture  is  conchoidal,  H.  =  6-5  to  7*5;  Sp.  Gr.  =  35  to  42; 
they  are  mostly  transparent,  and  occur  of  all  colours.  The  beautiful  deep- 
red  garnet  (^Frecunu  Garnet)  is  the  most  highly-prized  variety,  and  in  great 
request  for  necklaces,  ear-rings,  &c.  The  greater  number  of  garnets  come 
from  the  neighbourhood  of  Kulm  in  Bohemia.  Pyrope,  Idocrase,  and  Epi- 
dote  are  other  reoiarkable  minerals  which  belong  to  this  family. 

8th  Family — Mica. 

52.  The  greater  number  of  the  minerals  of  this  family  are  crystallised  in 
small  thin  laminss,  of  pearly  lustre.  These  laminsB  are  very  cleavable,  pliable^ 
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and  possessed  of  a  low  degree  of  hardDess;  hence  the  varieties  of  mica  are 
smooth  and  unctuous  to  the  touch.  Their  chemical  composition  cannot  be 
expressed  by  a  formula :  silica  and  alumina  are  the  predominant  constitu- 
ents ;  many  of  the  varieties  contain,  however,  a  considerable  quantity  of 
magnesia.  Mica  is  often  colourless,  sometimes  coloured,  particularly  green 
and  black. 

Common  or  Potassa  Mica  is  very  largely  distributed,  particularly  in  various 
rocks — for  instance,  in  granite,  gneiss,  and  mica-slate,  in  which  it  is  obser- 
vable as  lustrous  laminae.  It  occurs  in  Siberia  in  very  large  plates,  which 
are  employed  instead  of  glass  for  windows.  Of  the  various  kinds  of  mica 
we  may  mention  chlorite,  remarkable  for  its  fine  green  colour,  which  it  im- 
parts to  those  kinds  of  stones  of  which  it  is  a  constituent,  for  instance,  to 
chlorite  slate,  Lepidolite,  or  Rose  Mica,  which  contains  lithia,  belongs  to 
this  &mily. 

9th  Family— Gems. 

53.  This  class  embraces  all  minerals  that  possess  properties  which  adapt 
them  to  the  purposes  of  the  jeweller— hardness,  beauty  of  colour,  brilliancy 
of  lustre,  rarity,  &c.  We  have  already  spoken  of  the  diamond,  the  ruby,  and 
the  sapphire.  The  other  minerals  of  this  family  have  a  hardness  of  from 
7*5  to  8-5,  and  a  Sp.  Gr.  of  from  2*8  to  4  6 :  they  are  transparent,  difficulty 
fusible  or  infusible,  and  generally  exhibit  beautiful  colours.  Among  them 
may  be  mentioned  topaz,  which  is  generally  of  a  fine  yellow  colour;  pale 
green  chrysoheryl:  ememld,  remarkable  for  its  beautiful  green  colour;  and 
zircon,  of  which  the  hyacinth -coloured  variety  is  most  prized,  and  has  re- 
ceived the  name  of  hyacinth.  The  crystals  of  the  two  first-named  minerals 
belong  to  the  rhombic  system,  and  those  of  the  emerald  to  the  hexagonal 
system.     Fig.  41,  is  the  usual  natural  form  of  the  emerald. 

SECOND  ORDER.— HEAVY  METALS. 

18th  Geoup— iron. 

54.  Iron  forms  a  very  important  group,  both  from  the  great  number  of 
ferruginous  minerals  that  exist  and  from  the  large  masses  in  which  they  occur. 
Their  Sp.  Gr.  ranges  to  8-0;  the  greater  number  is  opaque  and  coloured,  and 
possesses  the  hardness  of  quartz.  They  are  attracted  by  the  magnet,  and 
yield,  with  borax,  a  dark-red  glass  in  the  outer  blow-pipe  flame,  and  a  bottle- 
green  glass  in  the  inner  flame.  Regarding  their  application  to  the  produc- 
tion of  iron,  sufficient  details  have  been  given  in  the  section  Chemistry 
(§  90).     The  most  important  minerals  of  this  group  are : — 

(1.)  Native  Iron,  occurring  rarely  in  layers  or  veins  of  inconsiderable 
thickness,  or  in  grains  and  laminse.  The  most  remarkable  variety  is  the 
meteoric  iron,  consisting  of  masses  of  native  iron  which  have  fallen  from 
the  atmosphere,  and  which  weigh  from  171  to  3000,  or  even  14,000  pounds. 
Mention  may  be  made  here  of  the  meteoric  stories,  which  contain,  with  few 
exceptions,  native  iron,  besides  other  earthy  constituents,  such  as  augite, 
hornblende,  olivine,  &c.  [Native  Iron,  supposed  to  be  of  terrestrial  origin, 
has  been  observed  at  Canaan,  Conn.,  where  it  occurs  in  a  vein  two  inches 
thick.] 

(2.)  Magnetic  Iron  Ore  (FeO-f-FeaOs),  OxidiUated  iron,  crystallises  in 
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negnlar  octobedrons  (fig.  1,  and  often  in  maoles,  fig.  52).    It  is  remarkabl« 

for  its  magnetio  properties :  it  also  occurs  in  compact 

masses    of    considerable   magnitude,   forming    entire 

mountain  strata.     It  is  one  of  tbe  most  higblj^priEod 

ores  of  iron,  being  used  cbiefiy  for  tbe  production  of 

steel.     [Nearly  all  tbe  celebrated  iron  mines  of  Sweden 

consist  of  magnetic  iron.     Very  extensive  beds  of  it 

occur  in  New  York,  and  in  tbe  mountainous  districts 

of  New  Jersey  and  Pennsylvania.] 

(3.)  Red  Iron  Ore,  Specular  Iron  Ore,  Sesgutoxide 
of  Iron  (Fefi^y  or  Red  HsemaHte^  crystallises  in  the  hexagonal  system  as 
a  rbombohedron  and  its  derivatives.  It  is  possessed  of  bright  raetftllic  lustre 
and  red  streak,  and  likewise  yields  a  red  powder.  It  occurs  in  various  forms, 
as  crystallised  iron  glance,  micaceous  iron,  fibrous  basmatite,  bloodstone,  and 
also  as  compact,  scaly,  aod  earthy  red  ironstone,  the  latter  of  which  is  also 
called  red  iron  ochre.  If  it  contains  an  admixture  of  clay,  it  is  called  in 
Germany  red  clay  ironstone;  but  this  is  not  the  important  ore  which  is 
called  clay  ironstone  in  Scotland.  These  minerals  are  important  as  iron 
ores,  and  are  also  employed  in  small  quantities  as  polbhing  materials  and  as 
colours. 

(4.)  Brovm  Iron  Ore  (Hydrated  Sesquioxide  of  Iron,  Fea0s4-  2 HO)  does 
not  occur  in  a  distinctly  crystalline  form.  The  fibrous  brown  ironstone, 
however,  consists  of  fine  capillary  crystals,  radiating  from  a  centre,  and  form- 
ing spherical  and  botryoidal  masses.  Besides  this  variety  there  is  the  com- 
pact and  earthy  brown  ironstone,  which,  by  containing  clay,  forms  the  transi- 
tion member  to  the  brown  and  yellow  clay  ironstones,  of  which  we  may 
mention  the  yellow  ochre  and  umber,  both  used  as  colours.  Pea  iron  ore, 
and  Morass  ore,  the  ironstone  which  is  deposited  in  morasses,  belong  to  this 
class ;  the  latter  is  less  valuable  for  the  amount  of  iron  it  contains  than  the 
foregoing. 

55.  Iron  occurs  combined  with  sulphur  in  various  proportions,  generally 
as  fine  crystallised  minerals,  of  a  brass-like  lustre,  which  are  called  pyrites. 
Of  these  we  may  mention : — 

(5.)  MBLf/netic  iron  Pyrites  (Pe^Sj  -j-  5FeS),  which  crystallises  in  six-sided 
prisms  and  is  attracted  by  the  magnet. 

(6.)  Iron  Pyrites  (FeSa),  crystallises  in  the  regular  system,  particularly 
as  a  pentagonal  dodecahedron  (fig.  10)  and  its  modifications;  its  Hardness 
is  =  6  to  6.5,  hence  it  produces  sparks  when  struck  with  steel.  It  occurs 
very  plentifully,  and  sometimes  in  very  fine  lamiusB  and  grains,  in  coal  for 
instance,  and  yields  protosulphate  of  iron  when  oxidised  by  exposure  to  the 
air,  particularly  in  the  presence  of  water  (Chemistry,  §  93).  This  salt 
occurs,  in  the  mineral  kingdom  under  the  name  of  Green  Vitriol. 

56.  The  remaining  ferruginous  minerals,  of  which  there  is  stiU  a  large 
number,  are  most  of  them  of  little  importance  with  regard  to  the  quantity 
in  wbicb  they  occur,  and  likewise  in  their  applications;  we  will  therefore 
limit  ourselves  to  a  few  of  the  most  remarkable :  —  Vivianite,  or  blue  iron 
ore  (phosphate  of  iron),  green  ironstone,  which  is  the  same  chemical  com- 
pound, containing  water  of  hydration,  and  the  series  of  combinations  of 
arsenic  with  iron,  called  arsenical  pyrites,  which  possesses  a  white  metallic 
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lostre.     Of  tHe  latter  may  be  mentioned  arsenical  iron,  tcorodUe^  pkar 
cosideritef  and  arsenioal  iron  pyrites,  which  is  also  termed  mi^ickel. 

Carbonate  of  Iron  (FeOjCOa)  occurs  in  krger  quantities;  when  orystal- 
lised  it  is  called  SpoUhic  ironstone.  It  forms  very  obtuse  rhombohedron& 
This  ore  is  admirably  suited  for  the  production  of  steel.  It  is  also  found  in 
the  fibrous  form,  and  is  then  called  sphoBrosiderUe.  The  Clay  ironstone  of 
the  Scotch  metallurgists  consists  of  carbonate  of  iron,  in  combination  with 
variable  quantities  of  carbonate  of  lime^  clay,  &o.  It  is  a  mineral  of  great 
importance. 

The  green  earthy  which  is  employed  as  a  colour  under  the  name  of  Vero- 
nese greeny  is  silicate  of  sesquioxide  of  iron  with  lime  and  a  little  magnesia. 
Chrome  iron  (FeO  +  CrjO,),  which  consists  of  sesquioxide  of  chromium 
and  protoxide  of  iron,  occurs  generally  massive,  granular,  or  crystalline,  and 
is  important,  as  being  the  mineral  from  which  the  compounds  of  chromium 
are  prepared  (Chemistry,  §  103). 

14th  Group  — manganese. 

57.  This  metal  generally  occurs  as  oxide ;  and,  in  addition  to  its  being 
the  principal  constituent  of  several  minerals,  is  found  in  many  others  in 
smaller  quantities  as  their  colouring  matter.  The  fused  minerals  are  gene- 
rally coloured  violet,  whilst  the  massive  minerals  are  usually  brown  or  black. 
The  most  important  varieties  are : — 

Pifrolusite  (Binoxide  of  Manganese,  MnO,),  which  occurs  crystallised  in 
regular  rhombic  prisms,  but  is  most  generally  found  in  crjrstalline  masses 
consisting  of  aggregates  of  acicular  crystals.  Its  colour  and  streak  are 
black ;  its  Hardness  is  =  2  to  2-6 ;  its  Sp.  Gr.  =4-9.  The  valuable  appli- 
cation of  this  mineral  to  the  preparation  of  chlorine  has  already  been  re- 
ferred to  (Chemistry,  §  35). 

Hansmannite  (Proto-sesquioxide  of  Manganese,  MnO  +  MugO,),  which 
crystallises  in  quadratic  octohedrons,  is  brownish  black  or  black,  produces  a 
brownish-red  streak,  and  occurs  generally  associated  with  pyrolusite. 

Braunitey  or  Protoxide  of  Manganese,  has  the  same  crystalline  form  aa 
hansmannite;  its  colour  and  streak  are  both  dark-brownish  black.  The 
value  of  pyrolusite  is  naturally  much  decreased  by  an  admixture  of  these 
two  minerals;  hence,  in  purchasing  this  mineral  for  practical  purposes  in 
the  arts,  particular  attention  must  be  paid  to  the  colour  and  streak. 

Nanganite  (Hydrated  Oxide  of  Manganese)  is  of  little  importance  in 
the  arts.  Sulphide  of  Manganese,  or  prismatic  Manganese  Blendey  Sili- 
cate of  Manganese,  Carbonate  of  Manganese,  or  Red  Manganese,  and  many 
other  minenus  of  this  family,  have  not  received  any  application  in  the  arts. 

15th  Geoup  — cobalt. 

58.  The  minerals  of  this  scarce  metal  are  mostly  sulphuretted  or  arse- 
nical compounds.  They  are  opaque  and  coloured,  and  furnish  a  blue  glass 
with  borax  before  the  blowpipe.  The  most  important  are:  Sulphide  of 
Cobalt  (Cobalt  Pyrites,  CogSa),  possessing  a  white  colour,  a  metallic  lustre, 
and  crystallising  in  regular  octohedrons;  Arsenical  Cobalt  (Speiscobalt, 
CoAsg),  occurring  in  cubes,  of  a  white  colour,  and  metallic  lustre,  in  the 
Erzgebirge  in  Saxony ;  Arsenical  Cobalt  Pyrites  (CoAs,) ;  Cobalt  Bloom, 
or  hydrated  arsenite  of  Cobalt;  Cobaltiney  or  white  cobalt  (C0S4,  CoAsjj), 


NIOKIL^OOPFBR.  845 

erystalBmng  as  pentagooal  dodeoahedrons,  with  metalUo  fautre,  and  pinkish 
colour;  and,  finally,  Earihy  Cobalt,  oocnrrtng  massiTe  or  earthy,  and  of  a 
black  edour.  The  latter  contains  a  mixture  of  oxide  of  cobalt,  with  a  con- 
nderable  quantity  of  oxides  of  manganese,  copper,  and  iron.  All  these 
minerals  are  employed  for  the  preparation  of  cobalt,  and  espeeiaUy  of  the 
cobalt  glass  called  Smalts  (Chemistry,  §  95). 

16th  Group— nickel. 

59.  The  minerals  of  this  group  are  not  of  more  frequent  occurrence  than 
those  of  the  preceding  group,  and  they  usually  occur  under  similar  circum- 
stances. They  also  gcDerally  contain  a  small  admixture  of  cobalt,  sufficient 
to  furnish  a  blue  glass  with  borax.     The  most  important  are : — 

Sulphide  of  Nickel  (^iS)  which  occurs  in  capillary  or  acicular  crystals ; 
Red  Arsenical  Nickel  (Kupfer  nickel  NiAs),  occurring  but  rarely  crystal- 
Baedy  generally  massive,  dendritic,  or  botryoidal,  and  possessing  a  copper-red 
metallic  lustre;  WhiU  Arsenical  Nickd  (NiAsg),  of  tin-white  metallic 
lustre ;  Nickel  Ochre,  or  arseniate  of  nickel ;  Nickel  Glance,  or  white  nickel 
ore  (NiSg  4-  Ni Ase)  of  grey  metallic  lustre.  Nickel  also  occurs  in  combina- 
tion with  several  metals;  for  instance,  it  is  associated  with  antimony  as 
antimonial  nickel  (NiSb),  antimonial  nickel  pyrites  (NiSg  +  NiSbg),  bismuth 
nickel  jn/riies,  and  nickel  iron  pyrites. 

All  these  minerals  are  but  impure  chemical  compounds,  containing  always 
acre  or  less  iron,  copper,  cobalt,  lead,  &c.  Nickel  ores  are  employed  for 
the  production  of  nickel,  which  is  extensively  used  in  the  manufacture  of 
German  silver.  They  are  found  in  the  Erzgebirge,  and  also  at  Riecbelsdorf 
in  Hesse. 

17th  Gbouf— copper. 

60.  This  metal  forms  a  large  group  of  minerals,  as  it  occurs  not  only  in 
great  masses,  but  also  in  the  most  manifold  combinations.  Only  a  com- 
paratively small  number,  however,  are  employed  for  the  production  of 
copper.  The  Hardness  of  the  minerals  of  this  group  ranges  from  2  to  4, 
and  their  Sp.  Gr.  to  6 ;  they  yield  metallic  copper  before  the  blowpipe. 
The  following  are  the  most  important : — 

(I.)  Native  Capper,  which  seldom  exhibits  a  crystalline  form,  but  gener- 
ally oeeurs  in  peculiar  arborescent  or  moss-like  formations.  It  is  frequently 
found  in  considerable  masses,  and  is  worked  for  copper.  [Native  copper  is 
found  throughout  the  red  sand-stone  region  of  the  United  States,  particu- 
larly in  Massachusetts,  Connecticut,  and  New  Jersey :  but  no  known  locality 
of  the  world  exceeds  the  Lake  Superior  copper  region  in  the  abundance  of 
native  copper.  One  large  mass  recently  laid  open  at  the  <*  Cliff  Mine"  has 
been  estimated  to  weigh  80  tons.] 

Red  Oxide  of  Copper  (suboxide  of  copper,  CugO)  crystallises  very  beau- 
tifully in  distinct  crystals  of  many  forms  of  the  octohedral  system,  namely, 
the  cube  (fig.  8),  the  octohedron  (fig.  1),  the  rhombic  dodecahedron  {^.  7), 
the  triakisoetohedron  (fig.  55),  and  in  many  combinations  of  these  forms,  as 
in  fia.  53,  where  the  dodecahedron  predominates  over  the  octohedron,  and 
fig.  54,  where  the  octohedron  predominates  over  the  dodecahedron.  Fig.  2 
aUo  presents  one  of  the  numerous  varieties  of  this  mineral. 
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This  mineral  has  a  beautiful  red  colour,  but  it  is  generally  ooated  with 
green.  It  yields  a  very  fine  copper  [and  has  been  observed  orystaUized  and 
massive  at  Schuylers,  Somerville;  and  Flemington  copper  mines^  N.  J.]. 


68. 


54. 


66. 


Vitreous  Copper  (Sulphide  of  Copper,  CuS)  [or  Copper  Glance']  occurs 
in  tabular  rhombic  prisms  of  blackish  lead-grey  metallic  lustre,  and  ia 
worked  for  copper. 

The  soluble  salts  of  copper  produced  in  small  quantities  by  the  decompo- 
sition of  other  copper  ores,  particularly  of  sulphide  of  copper,  are  of  little 
importance.  They  are  found  principally  in  the  neighbourhood  of  volcanos, 
from  the  fissures  of  Tvhich  vapours  issue  containing  hydrochloric  and  sul- 
phurous acids.  Of  these  salts  may  be  mentioned :  sulphate  of  copper  (blue 
vitriol  CuOySOs),  various  phosphates  and  arseniates  of  copper,  chloride  of 
copper,  &c. 

The  two  following  may  be  classed  among  the  most  beautiful  productions 
of  the  mineral  kingdom  : — 

(1.)  Malachite^  or  Carbonate  of  Copper  (CuO,CO,+  HO),  which  ciya- 
tallises  in  oblique  rhombic  prisms,  generally  uniting  into  fibrous  radiating 
groups,  possesses  a  fine  emerald-green  colour,  and  silky  lustre.  It  also 
occurs  massive  and  earthy,  and  is  employed  for  ornamental  purposes,  and  as 
a  pigment ;  and  where  it  occurs  in  larger  quantities,  as  in  AustiaHa^  it  is 
worked  for  copper. 

(2.)  Blue  Carbonate  of  Copper  (azure  copper  ore)  is  carbonate  of  copper 
combined  with  hydrated  oxide  of  copper,  and  occurs  either  in  short  prismatic 
or  tabular  crystals,  or  massive  and  earthy.  This  mineral  is  remarkable  for 
its  beautiful  blue  colour,  and  is  hence  employed  as  a  pigment.  The  Silioaie 
of  Copper  (3CuO,2Si08),  ChrysocoUa,  has  a  fine  green  colour. 

The  minerals  in  which  copper  exists  in  combination  with  other  metalB, 
and  in  which  sulphur  is  usually  a  constituent,  form  a  hr  more  numerons 
group,  of  which  we  may  mention  Bismuthic  Sulphide  of  Copper  (needle  ore), 
Antiraonial  Sulphide  of  Copper  and  Lead  (Bournonite),  Tin  ryrites  and 
Purple  Copper  (Buntkupfererz).  The  last  is  a  mixture  of  sulphides  of  copper 
and  iron.  It  crystallises  in  regular  octohedrons,  and  in  the  forms  represented 
by  figs.  3,  52, 2,  4,  and  5.  It  has  the  lustre  of  brass,  but  generally  presents 
the  most  beautiful  variegations  of  blue  and  red.  The  Sulphide  of  Copper 
(Copper  Pyrites  CuS  +  FeS)  crystallises  in  quadratic  octohedrons,  and  bcMrs 
much  similarity  to  the  last-mentioned  mineral.  It  is  the  most  abundant  of 
all  the  ores  of  copper,  and,  like  the  purple  copper,  is  frequently  smelted. 

In  concluding  our  enumeration  of  copper  minerab,  we  may  mention  FaM 
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Ore.  (grey  copper  ore),  which  crystallises  in  the  regular  octohedral  system; 
bat  usually  ooeors  in  very  complicated  hemihedral  com- 

binaUons,  of  which  the  double  tetrahedron  {^,  66)  is  ^ —         s. 

(me  of  the  simplest.    It  possesses  a  grey  metallic  lustre :  M  yS^ 

its  principal  constituents  are  copper,  antimony,  sulphur,  VV     ^^y     I 

and  arsenic,  with  variable  quantities  of  iron,  zinc,  and  \  \, ./  / 
silver.  Hence  several  varieties  of  this  mineral  are  X  /  \  J 
produced.     They  are  all  worked  for  copper,  and  the  ^^lJ^S/ 

richer  specimens  for  silver. 

18th  Geoup— bismuth. 

61.  The  minerals  of  this  metal  are  of  secondary  importance  with  regard 
to  their  distribution  and  number.  Some  of  the  most  important  are : — 
Native  Bismuth,  which  occurs  in  regular  octohedrons,  possessing  a  reddish 
ffllvery  lustre ;  H.  =  2  to  2-6 ;  and  Sp.  Qr.  =  9*7 ;  Bismuth  OchrCj  or  ses- 
quioxide  of  bismuth,  (BigOs,)  occurs  in  company  with  the  former,  particularly 
in  the  mountains  of  Saxony;  Bismuthine,  or  sesquisulphide  of  bismuth 
(Bi^)  crystallises  in  rhombic  prisms,  of  a  lead-grey  metallic  lustre.  Bis- 
muth Blende  consists  of  silicate  of  bismuth,  and  possesses  the  highest  specific 
gravity  of  all  the  ores  of  this  group  (5*9).  Bismuth  has  met  with  but  few 
applications.     It  is  a  usual  ingredient  of  fusible  alloys. 

19th  Geoup— lead. 

62.  This  metal  rarely  occurs  in  the  native  state,  but  generally  in  combina- 
tkm  either  with  oxygen  or  sulphur  in  minerals  of  low  degrees  of  hardness, 
but  of  high  specific  gravity  (4*6  to  8).  These  combinations  yield  metallic 
lead,  or  the  yellow  oxide,  with  great  facility  before  the  blow-pipe.  Many 
of  the  minerals  of  this  group  occur  only  in  inconsiderable  quantities,  such 
as  native  lecuiy  minium,  or  lead  ochre,  chloride  of  had,  and  many  others. 

On  the  other  hand  the  Sulphide  of  Lead,  or  Galena  (PbS),  is  the  most 
abundant  mineral  of  this  group,  and  is  the  one  which  is  principally  worked 
for  lead.  With  the  applications  of  this  metal  we  have  already  become  ac- 
quainted. Oalena  crystallises  in  the  regular  system,  particularly  in  tubes, 
octc^edrons,  and  trakisoctohedrons,  and  the  various  modifications  of  these 
forms ;  it  likewise  occurs  in  compact  masses,  which  are  more  or  less  finely 
granulated  or  dense.  This  mineral  is  always  distingubhed  by  its  high  spe- 
cific gravity  (reaching  to  67*);  its  grey  colour,  brilliant  metallic  lustre,  and 
easy  oabical  cleavage. 

Galena  frequently  contains  silver,  in  sufficient  quantity  to  render  it  worth 
extracting  (Chem.  §  107).  It  is  likewise  occasionally  found  to  contain  gold, 
antimony,  iron,  and  arsenic. 

[The  most  extensive  deposits  of  Galena  in  the  United  States  are  met  with 
in  Missouri,  Illinois,  Iowa  and  Wisconsin.] 

An  extensive  series  of  minerals  is  formed  by  the  Qombination  of  lead,  an- 
timony, and  sulphur,  in  various  proportions.  Of  these  we  may  mention 
ZmkmUe,  Jamesoniie,  Sulphide  of  Antimony  and  Lead,  &c.,  most  of  which 
are  named  after  the  discoverers. 

Of  the  native  Salts  of  Lead  we  may  mention  sulphate  of  lead  ^PbOjSOj), 
which  crystalliseB  in  rhombic  prisms,  and  is  distinguished  by  its  brilliant 
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lostre  and  wbite  colonr;  White  Load  ore,  or  Carbonate  of  Lead,  wfaioh  017s- 
talHses  in  regular  rhombic  prisms,  and  is  remarkable  for  its  adamantine  lustre 
and  double  refractive  power.  We  shall  pass  over  the  combinations  of  lead 
with  the  rarer  elements,  merely  mentioning  Chromate  of  Lead  (Ohem.  §  103), 
which  occurs  in  a  beautifnl  crystalline  form  in  the  Uralian  moontains. 

20th  Gboup—TIN. 

63.  Tin  does  not  occur  native,  but  generally  as  Tinstone,  which  is  the  bin- 
oxide  of  this  metal  (SnOs)-  This  mineral  crystallises  in  quadratic  octohe- 
drons,  the  modifications  of  which  are  frequently  found  in  twin  crystals.  They 
vary  from  semi-transparency  to  opacity,  possess  a  high  lustre,  are  sometimes 
white,  but  more  generally  coloured,  and  sometimes  even  black.  Fibrout 
Tin  Ore,  which  likewise  consists  of  binoxide  of  tin,  occurs  in  much  larger 
masses,  of  delicately  fibrous  structure.  Cornwall  and  the'  East  Indies  are 
particularly  rich  in  tin  ores,  the  metal  from  which  may  easily  be  obtained 
by  fusion  with  charcoal. 

2l8T  Gboup^ZINC. 

64.  Oxide  of  Zinc  is  occasionally  found  in  the  form  of  crystalline  masses 
of  a  red  colour,  and  is  called  Red  Oxide  of  Zinc,  [Red  zinc  ore  occurs  at 
Franklin  and  Stirling,  N.  J.]  A  much  more  plentiful  mineral  of  this  group 
is  Zbic  Blende,  which  consists  of  zinc  and  sulphur  (ZnS).  It  crystallises 
in  the  regular  system,  its  most  usual  forms  being  the  rhombic  dodecahedron 
(^g.  7),  the  cube  (fig.  3),  the  octohedron  (fig.  1),  the  tetrahedrons  (figs.  8 
and  56),  the  made  (fig.  52),  and  the  complex  form  represented  by  ng.  57, 

in  which  the  cube  is  modified  by  the  planes  of  the  rhom- 
z^Ts      bic  dodecahedron  (fig.  7),  and  the  tetrahedron  (fig.  9). 

The  fracture  of  zinc  blende  is  conchoidal;  H.  =  3*5 

to  4 ;  Sp.  Or.  4*1 ;  it  possesses  an  adamantine  Instre. 

Its  colour  is  green,  yellow,  red,  brown,  or  black.     It  is 

worked  for  zinc,  and  occurs  laminated,  fibrous,  radiated, 

and  massive. 

Sulphate  of  Zinc  (ZnO,SO,)  is  also  found,  thoagli 
57^  only  in  small  quantities,  but  the  Carbonate  of  Zinc,  or 

zinc  spar,  occurs  more  frequently.  The  latter  crystal- 
lises in  the  hexagonal  system,  in  the  form  of  rhombohedrons ;  it  possesses  a 
vitreous  lustre,  and  is  generally  white  or  only  slightly  coloured.  It  is  em- 
ployed chiefly  in  the  manufacture  of  brass;  Calamine  (silicious  oxide  of 
zinc)  is  the  most  common  mineral  of  this  group,  and  is  employed  for  the 
same  purpose ;  it  consists  of  oxide  of  zinc  and  silicic  acid,  and  crystallisefl 
in  rhombic  prisms.  This  mineral  is  possessed  of  a  remarkable  lustre,  and 
is  either  white  or  slightly  yellow.  When  heated,  the  crystals  of  this  mine- 
ral exhibit  polario  electricity  in  a  remarkable  degree,  and  likewise  aoquire 
luminous  properties  by  friction. 

*  22nd  Group— chromium. 

65.  It  is  highly  remarkable  that  this  metal,  of  which  the  chemist  prepares 
a  great  number  of  the  most  beautifully  coloured  compounds,  should  only 
occur  in  a  comparatively  small  number  of  natural  combinations.  This  may 
in  some  measure  explain  the  circamstanoe  of  chromium  having  been  dis* 
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eorered  so  reeently  as  1797.  In  addition  to  Cbromate  f  if  Lead  (§  61 ),  and 
Chrome  Iron  ore  (§55),  already  referred  to^  we  have  only  to  mention  Chrome 
Ochre  (sesquioxide  of  chromium,  OrsOs))  which  occurs  but  rarely  and  in 
•mall  quantities.  There  are,  howeyer,  several  other  minerals  which  contain 
a  small  quantity  of  chromium. 

28bd  Gbouf— antimony. 

66.  The  minerals  of  the  antimony-group  are  possessed  of  Hardness  reach- 
ing as  high  as  6*6 ;  and  a  Sp.  Gr.  =  4.  Before  the  blowpipe  they  yield 
white  vapours,  which  form  a  bluish-white  incrustation  upon  charcoal.  The 
rarer  minerals  of  this  group  are:  —  Native  Antimony y  White  Antimony 
(teroxide  of  antimony,  SbOj),  and  Antimonial  Ochre  (SbOi  +  AO). 

The  TersiUphide  of  Antimony  (SbSs)  occurs  mpre  abundantly,  and  is  a 
combination  of  antimony  with  sulphur,  which  crystallises  in  the  prismatic 
system.  Its  crystals  are  mostly  long,  columnar,  and  acicular,  aggregated 
together,  and  generally  possess  a  lead-grey  metallic  lustre.  This  mineral  is 
employed  in  the  preparation  of  metallic  autimony^  and  is  also  used  in 
medicine. 

Red  Antimony  is  a  compound  of  oxide  with  sulphide  of  antimony,  and  is 
distinguished  by  its  cherry-red  colour,  aud  the  adamantine  lustre  of  its  aci- 
cular crystals;  it  is  one  of  the  rarer  ores  of  this  metal. 

24th  Group— arsenic. 

67.  This  poisonous  metal  occurs  in  many  metallic  compounds,  with  the 
greater  number  of  which  we  have  already  become  acquainted,  for  example 
with  Arsenical  Iron,  Arsenical  Cobalt,  Arsenical  Nickel,  &c.  The  minerals 
of  the  arsenic-group  yield  white  fumes  before  the  blovrpipe,  which  have  a 
powerful  odour  of  garlic  The  white  fumes  consist  of  the  highly  poisonous 
arsenions  acid.  The  odour  is  produced  by  vaporised  metallic  arsenic.  The 
most  remarkable  minerals  of  this  group  are : — 

Native  Anenic,  which  is  not  of  un frequent  occurrence ;  it  is  generally 
found  in  nodular  masses  not  crystallised.  It  possseses  a  tin-white,  or  grey- 
metallic  lustre,  but  soon  becomes  black  by  exposure  to  the  air;  H.  =3*5; 
Sp.  Gr.  5*7.     It  frequently  occurs  mixed  with  antimony  and  silver. 

Oxide  0/ Arsenic  (AsOs)  may  be  cousidered  as  a  product  of  the  preceding 
mineral,  occurring  only  in  inconsiderable  quantities,  and  generally  in  irregu- 
lar forms,  having  an  adamantine  lustre  and  whitish  colour. 

Realgar  (AsSg),  is  the  lower  sulphide  of  arsenic;  it  crystallises  in  oblique 
rhombic  prisms,  but  also  occurs  in  compact  masses.  It  has  a  pearly  lustre, 
a  bright  red  colour^  and  gives  a  yellow  streak.  It  is  employed  as  a  colour, 
and  as  a  constituent  of  the  white  fire  in  pyrotechny.  Orpiment  (AsS,)  is 
the  higher  sulphide  of  arseuic,  which  is  rarely  found  in  the  crystallised  state, 
but  generally  in  uniform  masses ;  its  lustre  is  pearly,  and  its  colour  bright 
lemon  yellow ;  it  is  hence  employed  as  a  pigment  (Chem.  §  45). 

25th  Geoup— mercury.  ' 

68.  Although  liquid,  this  metal  occurs  native,  and  is  found  in  the  form 
of  larger  or  smaller  globules  in  the  cavities  and  fissures  of  clay  slate,  and 
carboniferous  sandstone,  as,  for  instance,  at  Moshdlandsberg  in  RboDish 
Bavaria.     The  greater  quantity  of  mercury,  however,  is  obtained  from 
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Native  Cinnabar  (HgS),  which  occurs  in  botryoidal  and  compact  masses, 
H.  =  2*5;  Sp.  Or  =8.  Cinnabar  is  opaque,  and  of  adamantine  lustre; 
it  possesses  a  carmine  colour,  and  gives  a  bright  scarlet  streak.  It  becomes 
black  on  being  heated,  but  reassumcs  its  red  colour  on  cooling.  The  prin- 
cipal localities  in  which  it  is  found  are  Rhenish  Bavaria,  Almaden  in  Spain, 
Idria  in  Carniola,  Mexico,  China,  and  California. 

Native  Chloride  of  Mercury,  HgCl,  is  a  mineral  of  less  frequent  occur- 
rence. The  mixture  of  cinnabar,  carbon,  and  earthy  matter,  oocuiring  in 
Idria,  is  called  liver  ore,  or  hepatic  cinnabar. 

26th  Geoup  — silver. 

69.  This  is  one  of  the  more  frequent  metals,  occurring  native,  as  well  as 
in  a  great  variety  of  minerals,  alloyed  with  other  metals,  or  combined  with 
arsenic  and  sulphur.  Silver  ores  yield  metallic  silver  when  heated  before 
the  blowpipe  alone,  or  with  carbonate  of  soda. 

Native  Silver  occurs  either  in  small  crystals,  of  the  cubical  system,  in 
crystalline  groups,  or  in  a  great  variety  of  curious  forms,  sometimes  arbo- 
rescent or  like  moss,  as  also  in  laminae,  irregular  masses,  and  grains.  H. =2*5 
to  3;  Sp.  Gr.  =  10-3.  It  possesses  the  common  properties  of  silver;  it  is, 
however,  generally  tarnished  of  a  yellowish  or  brown  colour.  It  is  found 
in  most  countries ;  in  Germany  it  occurs  with  other  silver  ores,  particularly 
in  the  Saxon  Erxegebirge.  The  most  important  ores  that  are  worked  for 
silver  are  the  following : — 

Sulphide  of  Silver,  or  Vitreous  Silver  (AgS),  crystallises  in  the  cubical 
system,  but  occurs  more  frequently  in  irregular  forms,  of  a  grey  or  black 
colour,  and  metallic  lustre.  It  is  also  found  as  an  earthy  mineral,  under  the 
name  of  Black  Sulphide  of  Silver. 

Antimonial  Silver,  containing  from  70  to  80  per  cent  of  silver,  occurs 
in  modifications  of  the  rhombic  prism.  It  has  a  silvery  or  yellow  metallic 
lustre,  but  is  more  generally  coated  with  a  black  tarnish. 

Brittle  Sulphide  of  Silver  is  a  combination  of  the  sulphides  of  silver  and 
antimony,  containing  about  70  per  cent,  of  silver.  It  occurs  in  regular 
rhombic  prisms  and  irregular  masses,  possessing  a  metallic  lustre  and  an 
iron-black  colour.  The  most  important  silver  ore,  however,  is  Ruby  Silver ^ 
which  consists  of  silver,  antimony,  sulphur,  and  arsenic.  It  crystallises  in 
modifications  of  the  rhombohedron,  has  an  adamantine  lustre,  a  colour  rang- 
ing from  iron-black  to  crimson,  and  produces  a  beautiful  crimson  strei^. 
H.  =  2-5  to  3 ;  Sp.  Gr.  =  5-5  to  5-8.  It  contains  from  68  to  64  per  cent 
of  silver. 

Sulphide  of  Silver  and  Copper  contains  about  52  per  cent,  of  silver,  and 
occurs  in  blackish-grey  crystals  of  the  rhombic  system,  possessing  metallic 
lustre. 

Besides  these  we  may  mention  the  names  of  several  minerals,  which  occur 
more  rarely,  and  are  therefore  of  secondary  importance.  Chloride  of  silver 
(homsilver),  bromide  of  silver,  carbonate  of  silver,  bismuthic  silver,  stem- 
bergite,  polybasite,  and  many  others. 

27th  Geoup  — gold. 

70.  It  is  indeed  highly  remarkable,  that  the  more  precious  the  metals  the 
more  they  appear  to  be  isolated  and  separated  from  the  other  mineral  sub- 
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siaDoes  of  common  ooeanenee,  in  the  same  manner  as  men  of  a  higher 
order  of  intellect,  seek  to  stand  aloof  from  those  endowed  with  oapaoities  of 
a  lowet  cast.  Thus  gold  is  generally  found  native,  either  crystallised  in  the 
several  modifications  of  the  regular  system,  as  represented  hy  figures  1  to  9, 
and  58;  59;  and  60,  or  in  the  most  varied  shapes,  such  as  dentritic,  capillary. 


68. 


60. 


arborescent,  foliaceons,  Ac.  It  is  likewise  found  in  irregular  masses  and 
grains,  and  finally  as  sand  and  dust;  it  exists  in  the  two  latter  forms  dis- 
seminated in  various  kinds  of  rocks,  such  as  granite,  &c.,  and  owing  to  their 
disint^ration,  it  finds  its  way  into  the  sand  of  rivers,  and  the  rubble-stones 
of  allavial  soUs. 

As  the  specific  gravity  of  gold  in  this  state  is  as  high  as  19-4,  the  smallest 
ffrains  may  be  separated  from  sand  by  washing,  the  gold  beiug  immediately 
deposited. 

Silver  is  the  metal  which  occurs  most  frequently  associated  with  gold ; 
natural  alloys  of  these  two  metals  are  found,  containing  from  0*16  to  38*7 
per  cent  of  silver,  which  causes  a  considerable  difference  both  of  colour  and 
density.  In  addition  to  this  alloy,  we  may  mention  st/lvanite  (graphic  tel- 
lurium) which  contains,  besides  gold  and  silver,  one  of  the  rarer  metals,  viz., 
tellurium. 

Europe  in  general  is  poor  in  gold;  the  only  rich  gold  mines  are  at 
Eremnitz,  in  Hunffary.  The  East  Indies,  South  America,  California,  Aus- 
tralia, and  the  Ural  mountains,  are  rich  in  this  metal,  pieces  of  gold  of  con- 
siderable size  having  been  found  in  these  localities:  in  the  year  1842  a  mass 
weighing  86  pounds  was  found  in  the  gold-sand  district  of  Alezandrowsk, 
near  Miask,  [and  still  more  considerable  masses  have  recently  been  fur- 
nished by  California  and  Australia.]  Pieces  of  23  to  24  pounds  weight  are 
not  unfrequently  met  with.  The  most  important  rivers  of  Germany,  in 
which  gold  is  found,  are  the  Rhine,  the  Danube,  the  Isar,  and  the  Inn. 


28th  Group— platinum. 

71.  Platinum  is  likewise  found  only  in  the  native  state;  it  generally 
occurs  in  nodular  pieces  and  grains,  and  but  rarely  in  the  crystalline  form, 
as  cubes.  It  is  frequently  alloyed  with  other  metals,  more  particularly  with 
iron,  of  which  as  much  as  from  5  to  11  per  cent,  is  sometimes  present. 
The  specific  gravity  of  native  platinum  is  from  17  to  18 ;  its  colour  is  steel- 
grey.  It  was  first  discovered  in  Spanish  America,  where  it  received  the 
name  of  platina,  signifying  similar  to  silver  (plata  being  the  name  of  silver). 
It  was  afterwards  found  in  quantities  in  the  Ural  mountains;  where  it  occurs 
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in  alluvial  formations,  bat  more  frequently  in  the  rabble-stones  of  sopai- 
tine  rocks.  Masses  weighing  from  10  to  20  poands  have  been  foond  in 
these  localities. 


THIRD  CLASS.    MINERALS  OF  ORGANIC  COMPOUNDS. 

29th  Group  — salts. 

72.  As  belonging  to  this  small  group  of  minerals  we  may  mention  Hum- 
holdtine  consisting  of  oxalate  of  protoxide  of  iron ;  and  hon^stone  or  mel- 
lite,  a  combination  of  alumina  with  an  acid,  consisting  of  carbon  and  oxygen 
(of  the  formula  C,04),  which  has  been  named  after  the  mineral  mellitic  acid. 
This  mineral  has  received  its  name  from  its  peculiar  honey-yellow  colour;  it 
crystallises  in  transparent,  quadratic  octohedrons,  similar  to  figures  61  and 
62.    Both  minerals  are  of  rare  occurrence^  and  of  little  practicid  importance. 


< 
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80th  Qb 

LOUP  — EARTHY  BESINS. 

(BiTUMBHS.) 

72*.  This  group  comprises  solid  and  liquid  organic  compounds,  the  most 
important  properties  of  which  have  been  described  in  the  chemical  section 
of  this  work,  among  the  resins  and  volatile  oils  (§  138).  They  consist  of 
more  or  less  metamorphosed  products  of  the  vegetable  remains  of  a  former 
period,  as  we  have  already  stated  in  our  chapter  on  the  dry  distillation  <^ 
vegetable  matters  (Chem.  §  169).  They  occur  in  the  latest  formations  of 
the  earth's  crust.     The  most  remarkable  are :  — 

Amber,  a  fossil  resin,  occurring  principally  in  brown-coal  formations,  and 
generally  in  the  brown-coal  itself.  The  greater  quanUty  is  found  in  detached 
pieces  on  the  sea-shore,  where  it  has  been  washed  by  the  waves,  or  in  the 
sand  and  loam,  more  or  less  distant  from  the  beach.  Amber  is  fehed  and 
dug  for  more  particularly  on  the  east  coast  of  Prussia,  from  Dantsio  to 
Memel.  Pieces  of  amber  are  found  adhering  to  fragments  of  wood  and  bark  ; 
other  specimens  contain  insects,  pine-needles  and  cones  enclosed,  which  leaves 
no  doubt  that  it  originates  from  a  fossilised  or  an  extinct  species  of  |Mne. 
Regarding  its  other  properties  and  applications,  see  Chemistry,  §  141. 

Other  rarer  members  of  this  group  are,  fossil  copal,  retinite,  mountain  or 
earth  wax,  elastic  bitumen,  mountain  tallow  or  Schecrerite,  idrialite,  &c. 

Mineral  or  Persian  Naphtha,  a  colourless  semi-fluid  liquid,  is  described 
in  Chemistry,  §  170,  where  we  have  also  given  a  desoription  of  Asphaiium 
or  Bitumen, 
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73.  In  the  extensive  series  of  minerals  hitherto  contemplated,  we  have 
fiot  nnfreqnentlj  met  with  snch  as  excited  our  attention,  not  merely  by  their 
iodividoal  properties,  bat  by  their  being  dispersed  in  considerable  masses, 
through  the  cmst  of  the  earth.  Thus  quartz,  lime,  dolomite,  and  many 
other  minerals,  have  a  limited  extent  as  regularly  crystallised  objects,  but  as 
amorphous  formations,  they  occur  in  many  parts  and  in  immense  deposits. 
Here  other  more  important  relations,  totally  different  from  those  of  form, 
lustre,  hardness,  or  colour,  attract  our  attention.  We  no  longer  contemplate 
those  minute  and  nicely-adapted  ornaments  of  that  gigantic  structure,  the 
cmst  of  the  earth,  but  have  to  examine  the  mighty  Inundations,  walls,  and 
colamns,  which  constitute  its  fiibric. 

It  is  requisite,  first,  to  investigate  the  materials  of  this  edifice,  and  after 
that,  its  manner  of  construction. 

74.  We  assume  as  an  established  fact  that  the  earth  is  a  spherical  body, 
flattened  or  depressed  at  its  poles,  the  diameter  from  pole  to  pole  4>eing  7,916 
miles.  The  surface  of  this  globe  is  calculated  at  211,000,000  square  miles, 
of  which  about  150,000,000  are  covered  with  water,  and  61,000,000  appear 
as  land.  The  water,  by  the  law  of  gravitation,  and  by  the  mobility  of  its 
parts,  assumes  a  level  surface,  which  appears  spherical  only  when  contem- 
plated Ln  its  entire  mass.  If,  on  the  other  hand,  we  examine  the  solid  parts 
of  the  earth,  it  presents  itself  to  the  eye  in  the  most  varied  forms.  From 
the  plains  stretching  out  like  the  ocean,  there  arise  gradually  or  suddenly 
considerable  heights,  sometimes  in  consolidated  masses,  sometimes  in  single 
23  (353) 
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chains  or  isolated  peaks,  and  these,  with  steppes,  prairies^  extensive  deflerti, 
table-lands,  hills,  mountains  and  mountain  yales,  abysses  and  precipitoos 
mural  and  rooky  eminences  with  craggy  summits,  lost  in  the  clouds,  offer  us 
endless  charms  by  a  successive  variety  of  beautiful  and  sublime  scenery. 

75.  The  diversity  of  the  component  parts  of  these  mountain  masses  is, 
however,  scarcely  less  wondrous  than  are  the  remarkable  changes  of  their 
external  forms.  A  person  bom  and  come  to  maturity  amongst  volcanic 
rocks  and  plutonic  formations,  accustomed  to  the  daily  aspect  of  granite, 
basalt,  and  porphyry,  will  view  with  lively  surprise  the  first  prospect  of  the 
regularly  stratified  aqueous  formations,  with  their  tabular  lime  and  sandstone 
Tooks,  containing  innumerable  petrifactions  of  organic  beings.  Hence  obser- 
vation has  unceasingly  been  applied  in  acquiring  a  knowledge  of  the  rocky 
masses.  The  crust  of  the  earth  up  to  the  altitude  of  24,000  feet^  and  down 
to  depths  of  from  1,700  to  3,000  feet,  has  been  examined  in  every  direction 
of  its  accessible  parts,  particukrly  within  the  last  50  years.  The  indefati- 
gable geologist  has  successfully  applied  his  hammer  to  aid  his  investigations^ 
and  everywhere  has  he  collected  information  until  the  science  has  gradually 
obtained  such  a  standing  as  to  enable  us  to  form  a  somewhat  definite  con- 
ception of  the  structure  of  the  earth,  and  to  account  for  the  co-operating 
causes  of  its  present  form. 

Although  a  more  accurate  investigation  of  rocks  and  their  arrangement 
has,  until  now,  been  undertaken  only  in  England,  Germany,  France,  the 
adjoining  countries  [and  the  United  States],  yet  sufficient  is  known  of  North 
and  South  America,  and  of  various  parts  of  Asia,  to  warrant  the  assumption, 
with  tolerable  certainty,  of  the  following  important  principle : — The  crtui 
of  the  earth  connsU  of  omXy  a  proportionally  small  number  of  different 
rocks,  and  these  are  similar  to  each  other  at  Oie  most  distant  points  of  our 
globe,  both  as  to  species  and  arrangement. 

Thus  the  various  kinds  of  rock  are  distributed  equally  over  the  entire 
earth,  and  the  granite  blocks  of  South  America,  of  Heidelberg,  and  of  the 
most  northern  latitudes  are  exactly  alike ;  while  on  the  other  hand,  plants 
and  animals  of  the  equator,  of  the  temperate  zones,  and  of  the  polar  circles, 
exhibit  the  greatest  and  most  striking  differences. 

76.  Next  to  this  general  view  of  the  surface  of  the  earth,  a  few  glances 
at  its  interior  structure  are  particularly  significant  We  have  seen  that  man 
has  penetrated  beneath  the  surface  only  to  a  depth  most  insignificant  in  pro* 
portion  to  the  radius  of  the  globe.  Opportunity  has  nevertheless  been 
afforded  by  this  for  making  observations,  which  lead  to  important  inferences. 
We  have  noticed  in  §  127  of  Physics,  that  the  average  temperature  of  Crer- 
many  is  from  9*^  to  lO^C.  (48°  to  50°  F.),  and  that  at  the  eauator  it  is 
27°  C.  (80-6°  F.),  by  which,  of  course,  the  temperature  at  the  level  of  the 
sea  is  undeVstood,  since  the  higher  elevations  always  have  an  inferior 
temperature.  It  is  a  striking  fact  that  a  thermometer  placed  in  any  locality 
four  feet  below  the  sur&ce  of  the  ground,  no  longer  indicates  the  change  d 
the  daily  temperature,  but  merely  that  of  the  year.  Again,  at  a  depth  ot 
60  feet  it  indicates  everywhere  and  all  times  the  same  temperature,  which  is 
never  affected  by  the  hottest  summer  or  the  coldest  winter. 

Hence  this  constantly-equal  temperature  is  held  to  be  the  specific  heat  of 
the  earth,  independent  of  that  imparted  by  the  sun.  Proceeding  from  this 
point  stiU  deeper,  about  120  feet  for  example,  the  centigrade  thermometer 
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(Phyaes,  §  98)  wffl  lise  one  degree.  This  remarkable  inerease  in  the 
temperature  of  the  earth  towards  its  centre,  amounting  to  one  degree  for 
every  120  feet,  has  been  proved  to  be  the  same  at  the  most  varying  points 
(^  the  globe,  and  at  all  depths. 

Now,  if  the  increase  of  heat  progresses  in  the  same  ratio  towards  the 
deeper  and  unknown  parts,  it  must  attain,  at  the  depth  of  86  miles,  1,800^ 
(8,272^  F.),  a  temperature  at  which  iron  would  melt ;  at  54  miles  a  heat 
of  2,700®  (4,892**  P.)  would  prevail,  in  which  all  known  substances  would 
become  molten  liquids.  Hence  it  seems  but  natural  to  conclude  that  the 
ii)terior  of  the  earth  is  one  burning  mass  of  liquid  fire  surrounded  by  a 
crust,  that  has  cooled  down  gradually  and  become  hardened.  We  shall  see, 
in  the  following  pages,  that  there  are  many  other  reasons  for  such  a  conclu- 
sion ;  we  may  merely  allude  here  to  thermal  springs,  the  waters  of  which 
are  Uie  hotter  the  deeper  their  source  may  be. 

77.  A  diligent  and  attentive  investigation  of  the  crust  of  the  earth  has 
been  undertaken,  especially  in  Germany,  where  Werner,  Professor  of  Mining 
at  Freiberg,  gave  the  first  impulse  to  the  study.  We  owe,  however,  the 
above-mentioned  important  discovery  of  the  exact  similarity  of  the  various 
kinds  of  rock,  to  the  illustrious  traveller  Alexander  v.  Humboldt,  and  to  the 
inde&tigable  Leopold  v.  Buch. 

78.  In  order  correctly  to  distinguish  any  kind  of  rock,  we  must  of  course 
first  consider  it  mineralogically,  t.  e.,  its  chemical  constituents,  its  hardness, 
its  density,  &c.,  then  we  have  to  regard  the  form  of  the  rock;  and  although 
we  have  no  crystals  to  contemplate  in  this  case,  yet  when  considered  in  their 
entire  mass,  the  rocks  present,  each  in  its  kind,  a  very  peculiar  form.  Next 
to  this,  the  peculiarity  of  their  arrangement  and  stratification  is  of  great 
importance ;  and  finally,  the  numerous  animal  and  vegetable  fossils  enclosed 
in  many  of  these  rocks,  contribute  most  essentially  to  characterise  and  dis- 
tinguisn  them.  Thus  we  may  arrange  the  subject  in  the  following  divi- 
uons :  —  1.  Description  of  rocks,  2.  Structure  of  rocks,  8.  Stratification 
and  styi)erposition  of  rocks.  4.  Organic  remains.  These  four  tranches 
constitute  Desobiptive  Geoloqt.  After  having  elucidated  these,  we  may 
proceed  to  the  consideration  of  the  structure  of  the  earth's  crust,  the  forma- 
tion of  the  various  chains  of  mountains,  and  their  connexion  with  one  an- 
o^T,  which  constitute  what  may  be  termed  Ststematio  Geoloot. 


DESCRIPTIVE  GEOLOGY. 
A.   DESCBIPTION  OF  BOCKS. 

79.  In  endeavouring  to  distinguish  the  different  kinds  of  rock,  we  meet 
with  the  same  difficulty  as  in  the  study  of  minerals  ¥§  24).  Here,  likewise, 
ocular  examination,  collecting  of  specimens,  observing  the  deportment  of 
the  rock  under  the  hammer,  attentive  consideration  of  the  mountains,  vales, 
water-courses,  quarries,  mines,  &c.,  are  absolutely  necessary  to  form  a  cor- 
rect conception  of  the  entire  subject 

The  f(^wing  description  of  rocks  may,  therefore,  mcnre  correctly  be  called 
a  mere  outline  or  sketch  of  the  more  important  members.  A  collection  of 
the  varions  kinds  of  rock  is  much  easier  to  make  than  one  of  minerals,  as 
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the  former  generally  oocor  in  great  maesesy  and  may  therefote  be  obtained 
at  a  less  cost 

80.  The  minerals  which  form  a  oonsiderahle  part  of  the  earth^s  orast  are 
termed,  in  general,  rocks.  These  rocks,  in  their  internal  stmctnre;  are  of 
two  kinds :  either  they  consist  purely  of  minute  particles,  for  instance,  of 
crystals,  grains,  laminsd,  &c.,  of  one  and  the  same  mineral,  or  they  consist 
of  two,  three,  or  four  different  minerals  mixed  with  each  other.  There  are 
aocordingly  two  principal  classes  or  divisions,  viz.,  simple  rocks,  and  com- 
pound rocks.  Thus,  for  instance,  marble,  consisting  of  nothing  but  grains 
of  carbonate  of  lime,  is  a  simple  rock.  Granite,  on  the  contrary,  in  which 
we  find  quartz,  mica,  and  felspar,  is  a  compound  rock. 

81.  Many  terms  that  have  become  habitual  to  us  in  the  description  of 
minerals  will  have  to  be  repeated  also  in  that  of  rocks.  Granular,  spathoua, 
fibrous,  foliated,  compact,  earthy,  &c.,  are  terms  that  have  already  been  fre- 
quently used.  There  are,  however,  several  peculiarities  observable  in  the 
construction  of  compound  rocks,  which  we  must  first  notice,  before  we  pro- 
ceed to  describe  them.  The  component  parts  are  combined  either  in  the 
crystalline  form,  or  they  are  held  together  in  an  amorphous  state  by  a  non- 
crystalline mass,  in  the  same  manner,  for  instance,  as  mortar  combines  the 
stoDes  of  a  wall.  In  many  the  cohesion  is  very  great,  in  others  but  slight, 
and  these  latter  are  called  loose  rocks,  as,  for  instance,  rubble-stones,  gravel, 
marl,  &c  The  mixture  is  either  distinct  and  discernible  by  the  naked  eye, 
or  it  is  indistinct,  and  can  be  detected  only  by  the  help  of  glasses  or  by 
chemical  means.  A  rock  is  called  daty  when  it  splits  easily  in  one  direc- 
tion, which  is  commonly  the  case  whenever  one  of  the  component  parts,  or 
all  of  them,  have  the  form  of  small  laminsB  arranged  in  parallel  layers. 
The  structure  of  the  porphyry  class  is  very  peculiar.  This  comprises  rocks 
of  a  given  substance  enclosing  crystals  of  other  minerals,  which  impart  to  it 
a  spotted  appearance.  If  a  rock  contains  vesicular  cavities  filled  partly  or 
entirely  with  another  mineral,  simibr  in  shape  to  an  almond,  it  is  called 
amyydahidal ;  if,  however,  these  cavities  occur  firequently  in  it,  and  are 
empty,  the  rock  is  called  doggy.  GeodeSy  or  drusic  cavities,  are  hollow 
nodules,  enclosed  in  the  laijer  masses  of  rocks,  which  are  lined  inside  with 
beautiful  crystallisations.  Finally  we  must  mention  the  cuxidenial  constitu- 
ents of  rocks,  in  which  occasionally  single  crystals  may  be  observed ;  these, 
however,  occur  in  inconsiderable  quantities,  and  do  not  in  the  least  alter  the 
specific  nature  of  the  entire  mass.  Thus,  for  instance,  in  granite  single 
garnets  are  sometimes  found,  the  presence  of  which,  however,  does  not  at  all 
affect  the  character  of  this  species  of  rock. 

Classification  of  Rocks. 

82.  Rocks  may  be  cbtsified  in  various  ways ;  for  instance,  into  granular, 
spathous,  foliated  rocks,  &c. :  it  is,  however,  highly  essential  that  such  an 
arrangement  does  not  separate  those  rocks  that  are  chemically  allied  to  each 
other. 

The  character  of  a  rock  is  frequently  more  uncertain  than  that  of  a  mine* 
ral,  particularly  as  one  kind  or  species  frequently  makes  a  transition  into 
another;  thus,  for  example,  compact  limestone  passes  into  granular  lime- 
stone, and  granite  into  gneiss. 
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Id  the  foDowiog  deseription  we  shall  retain  the  general  division  ipentioned 
in  §  80,  of  simple  and  mixed  or  compound  rocks,  and  will  merely  enumerate 
the  mo0t  important  kinds,  with  a  description  of  their  most  striking  charac- 
teristics. 

I.  SIMPLE  OR  UNIFORM  ROCKS. 

83.  These  have  already  been  described  in  the  first  part  of  Mineralogy.  We 
will  therefore  merely  recite  here  the  names  of  those  which  are  most  im- 
portant. 

9.  FelnU,  {  60.  17. 

10.  Quartz,  |  31.  18. 

11.  AugiU  Rock,  5  42.  19. 

12.  ff&mblende  Rock,  2  42.    20. 
18.  Tale  Slate,  {  52.  21. 

14.  CUoriU  Slate,  |  52.        22. 

15.  SerpmUne,  i  41.  28. 

16.  Brovm  Ironstone,  J  54.    24. 


1.  Rodo^aU,  I  84. 

2.  Oypntm,  {  86. 
8.  LimetUme,  {  87. 
4.  Dolomite,  {  40. 

6.  Spaihie  IrontUme,  }  55. 

6.  PUehttone,  I  50. 

7.  ObwHan,  2  50. 

8.  PearUtone,  {  50. 


Red  Ironstone,  {  54. 
Magnetic  Ironsione,^  54. 
GrapkiU.  i  80. 
Anthracite,  J  80. 
Coal,  I  80. 

Brown  Coal,  1 80,  §  28. 
Feat,  i  80. 
Asphaltumf  {  72. 


n.  MIXED  OR  COMPOUND  ROCKS. 

a.  O/ystcUline  Hocks. 

26.  Clay-slate. 

84.  This  rook  is  an  indistinct  mixture  of  very  minute  particles  of  mica, . 
a  little  quartz,  felspar,  and  talc,  containing  sometimes  particles  of  coal,  horn- 
blende, or  chlorite,  and  haying  mostly  the  appearance  of  an  uniform  mass. 
It  is  distinctly  sU^^,  and  has  a  fracture  varying  from  splintery  to  earthy.  It 
occurs  of  a  greenisn-grey,  bluish-grey,  violet,  red,  brownish-black,  and,  when 
decayed,  sometimes  yellowish-grey  colour.  When  pulverised  it  is  mosdy 
white,  but  when  coal  is  present  it  is  black.  Chiastolitc,  staurolite,  garnet, 
tourmaline,  and  iron  pyrites,  are  accidental  constituents  of  this  rock. 

Varieties :  common  clay-skte ;  greywacke-slate ;  dark-grey  slate,  which  is 
used  for  covering  roo&,  for  writing-slates,  &c. ;  whetstone-slate ;  pencil-slate, 
which  is  used  for  slate-pencils  and  for  drawing.  The  latter  containing  a  con- 
siderable quantity  of  coal,  is  sufficiently  soft  to  impart  its  colour  to  paper,  and 
is  employed  as  natural  black  chalk.  Alum-slate,  containing  a  considerable 
quantity  of  coal,  iron  pyrites,  and  alumina,  is  used  for  the  manufftoture  of 
fdum. 

26.   MiOA-SLATB. 

85.  Miea-«late  is  a  distinct  admixture  of  mica  and  quartz  in  alternate  layers, 
the  mica  frequently  enclosing  small  laminae  of  quartz.  It  occurs  slaty,  grey, 
white,  yellowish,  reddish,  brownish,  and  lustrous.  Among  the  accidental 
constituents  are  more  particularly — ^garnet,  talc,  chlorite,  felspar,  hornblende, 
tourmaline,  staurolite^  iron  pyrites,  magnetic  iron-ore,  and  graphite.  It  passes 
over  into  gneiss,  clay-,  talc-,  and  hornblende-slates.  The  mica  is  sometimes 
replaced  in  this  rock  by  other  minerals.  The  following  kinds  of  rocks  being 
thus  produced :  talc-  and  iron-mica-slate ;  itacolumite,  or  flexible  sandstone, 
from  the  mountain  Itacolumi  in  the  Braols;  also  tourmaline-slate. 

27.  Gneiss. 

86.  This  kind  of  rock  has  received  its  name  from  the  language  of  the 
miners^  without  any  particular  meaning ;  it  is  a  mixture  of  quartz,  mica,  and 
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fel^mr.    The  quarti  and  ielspn  form  grenalAr  layere,  Beparated  by  1 
of  mica ;  it  is  slatj,  grey,  whitish,  yellowish,  reddieii,  greenish,  &e.    It  forms 
transitions  into  micarslate,  granite,  &c.    Accidental  oonstitnents  are :  gacnel^ 
tourmaline,  epidote,  andalosite,  iron  pyrites,  graphite,  &o. 

[Talcose  gneiss  contains  talc  in  the  place  of  mica ;  and  if  hornblende  be 
superadded  to  quarti,  felspar,  and  mica,  it  forms  syenitio  gneiss.] 

28.  Granite. 

87.  The  granular  aspect  of  this  rock  acquired  for  it,  at  an  early  date,  the 
above  name,  which  is  derived  from  the  Latin  granum  (grain).  Granite  is  a 
mixture  of  quarts,  felspar,  and  mica,  in  which,  however,  the  laminae  of  the 
latter  do  not  lie  parallel  to  each  other,  thus  preventing  a  slaty  structure  \  it 
is  grey,  reddish,  yellowish,  greenish,  and  white.  Accidental  constituents 
are :  tourmaline,  hornblende,  andalusite,  pinite,  epidote,  garnet,  topas,  gra- 
phite, magnetic  iron  ore,  tin  ore,  &o.  It  forms  transitions  into  gneiss,  sye- 
nite, and  porphyry. 

The  following  are  varieties  of  this  rock : — PorphyrUic  granitej  containing 
single  largo  crystals  of  felspar :  graphic  granite^  so  called  on  account  of  its 
marks,  which  bear  a  resemblance  to  writing,  and  which  are  formed  by  the 
close  intermixture  of  the  quartz  and  felspar^  protogtne,  a  mixture  of  quarts, 
felspar,  and  talc;  granvlite^  mostly  a  slaty  compound  of  felspar  and  quarta; 
greisen,  a  mixture  of  quarti  and  mica,  mostly  containing  tin  ore  and  arse- 
nical pyrites. 

Granite  is  particularly  adapted  for  constructing  roads  on  account  of  its 
hardness ;  it  is  less  suited  for  building,  being  rather  difficult  to  work.  The 
city  of  Aberdeen  is  built  of  granite.  It  is  frequently  employed  in  large 
blocks  for  bridges,  foundations  of  buildings,  monuments,  &c.  Disintegrated 
granite  yields  a  productive  soil. 

29.  Syenitb. 

88.  Syenite  is  a  distinct  mixture  of  felspar  and  hornblende,  frequently 
associated  with  quartz  and  mica;  the  entire  mass  might,  therefore,  come 
under  the  denomination  of  hornblende-granite.  An  admixture  of  very 
minute  crystals  of  titanite  is  likewise  characteristic  of  this  rock ;  it  is  granu- 
lar, reddish,  or  greenish.  Its  accidental  constituents  are  the  same  as  those 
of  granite.  It  forms  transitions  into  granite,  hornblende,  and  porphyry. 
Porphyritic  and  slaty  syenite  are  varieties. 

Syenite  is  applied  to  the  same  purposes  as  granite,  to  which  it  is,  how- 
ever, preferred  for  ornamental  architecture,  on  account  of  its  being  more  finely 
marked.  The  numerous  and  great  architectural  monuments  in  Upper  Egypt 
are  constructed  of  a  reddish  syenite,  from  Syeney  from  which  locality  the 
name  of  the  rock  is  derived. 

80.  Greenstone. 

89.  This  rock,  likewise  designated  as  greenttone-daie  (trap,  diabase,  whin- 
stone),  is  either  a  distinct  or  indistinct  mixture  of  amphibole  (bronzite,  hy- 
persthene,  schillerspar),  with  felspar,  and  is  either  granular  or  compact,  slaQf 
and  porphyritic;  sometimes  it  is  vesicular  or  amygdaloidal,  the  vesicular 
cavities  being  filled  with  calcareous  spar.  The  colour  varies  from  green  to 
black ;  sometimes  it  is  dark-grey.  The  most  frequent  accidental  constitu- 
ents are :  iron  pyrites^  quartz,  mica,  garnet^  epidote^  and  magnetio  iron  oie^ 


POBPHTBT— MBLAPHTR.  860 

The  amygdaloidal  and  otiier  greenstones  that  occur  abundantly  on  the  banks 
of  the  Clyde,  in  Scotland,  almond  with  beaatifiil  minerals  belonging  to  the 
leoHtio  class.  The  localities  of  Kilpatriok  and  Kilmaoolm  are  partionlariy 
fiunons  for  phrenite,  Thomsonite,  cnbioite,  mesotype,  harmotome,  stilbite, 
and  other  minerals  of  this  class.  Its  varieties  are :  dioriie,  a  distinct  com- 
pound of  hornblende  and  albite,  freqnently  with  iron  pyrites  (the  same  rock 
of  slaty  stractnre  is  called  dtortte  slate)  ;  aphaniUj  a  compact  and  appa- 
rently nniform  mixture,  containing  ampbibole  and  albite,  sometimes  amyg- 
daloidal,  and  when  there  is  a  preponderance  of  separate  crystals  c^  albite  or 
hornblende,  forming  a  transition  into  aphanite-porphyry )  gabbro,  a  granular 
mixture  of  labrador  and  diallage,  sometimes  containing  titanic  iron  and  ser- 
pontine ;  wa<:ke,  a  brownish  or  dirty-greenish  rock,  from  compact  to  earthy, 
sometimes  vesicular,  slaggy,  or  amygdalmdal,  originating  most  likely  in  the 
deoomposition  <^  various  kinds  of  greenstone.  These  species  of  greenstone 
are  used  for  building,  and  some  of  them,  which  partly  pass  over  into  the 
porphyry  variety,  are  employed  in  works  of  art  under  the  name  of  porfido 
verte  aniico.  Greenstone,  on  account  of  its  extreme  toughness,  offers  a 
valuable  material  for  the  formation  of  macadamised  roads. 

31.  Porphyry. 

90.  Porphyry  is  a  compact  felsito  mass,  containing  single  crystals  of  felspar, 
quartz,  more  rarely  mica  or  hornblende,  and  more  accidentally  garnets  or 
iron-pyrites.  Its  structure  is  porph  jritic  (comp.  §  81) ;  it  occurs  of  a  reddish, 
yellowish,  and  brownish  colour,  and  variegated.  Several  works  of  art  con- 
structed by  the  ancient  sculptors  in  stone,  designated  by  this  term,  do  not 
agree  with  what  is  now  termed  porphyry. 

AU  kinds  of  porphyry  are  much  used  for  building,  for  roads,  &c.  By 
disintegration  they  generally  yield  a  very  productive  soil,  conteining  potassa. 
The  difierent  varieties  are:  quartz-phorphyry,  or  red  porphyry  (porfido 
rosso  aniico),  consisting  of  a  compact  mass  of  felsite,  with  crystals  of  quartz 
or  felspar,  a^  mostly  yellow,  red,  or  brown )  mica^orphyry,  a  mass  of 
compact  felsite,  with  crystals  of  mica  and  felspar ;  syenUe-porphyry,  a  mass 
of  compact  or  crystalline  felsite,  with  crystels  of  felspar  ana  hornblende ; 
pitcksUme-porphyry,  fundamentidly  composed  of  pitchstone,  blended  with 
crystals  of  vitreous  felspar  and  quartz. 

It  is  worthy  of  remark  that  several  of  the  finely-spotted  porphyries  are 
emploved  in  the  construction  of  works  of  art,  such  as  columns,  slabs,  vases, 
urns,  Dowls,  &c.,  not  unfrequently  of  extraordinary  size.  The  most  cele- 
brated are  Ihe  porphyry  works  of  Elfdalen,  in  Sweden,  and  of  Kolywan,  in 
Asiatic  Eussia. 

32.  Melaphyr. 

91.  This  rock  may  be  called  augite-porphyry,  or  black  porphyry,  and  also 
amygdaloid.  It  is  a  compact,  or  somewhat  crystalline,  and  mostly  indistinct 
mixture  of  augito  and  Labrador  felspar,  frequently  p(Nrph3rritic,  with  single 
(ffystak  of  Labrador  and  augite,  which  impart  to  it  a  dark-brownish,  greenish, 
or  black  colour.  Accidental  constituents  of  this  rock  are  mica  and  iron 
pyrites,  but  never  quartz.  We  may  mention  as  varieties  the  compact,  por* 
pJiyritic  melaphyr j  and  likewise  amygdaloid.  In  the  latter  the  principal 
and  generally  uniform  mass  contains  vesicular  cavities,  partly  or  wholly  filled 
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up.  These  oaTities  are  either  quite  irregalar  in  shape,  spherioal  oi  oUoDg 
in  one  and  the  same  direction,  or  they  are  pear-8hi4)ed  with  the  tapering 
extremity  undermost  No  doubt  can  be  entertained  that  these  cavitiea 
originated  in  an  evolution  of  gas  from  the  interior  of  the  rook.  The  con^ta 
of  the  vesicular  cavities  consist  of  calcareous  spar,  chalcedony,  agate,  quarti, 
zeolites,  chabasite,  &o.  The  layers  or  nodules  of  these  crystab  are  in  some 
cases  parallel  to  the  sides  of  the  cavities;  in  others  in  irregalar  masses.  ^Hie 
uniform  contents  assume  either  botryoidal  or  stalactitical  forms. 

Melaphyr  is  likewise  used  for  building  and  for  roads.  It  doee  not  easily 
decay,  but  by  disintegration  it  yields  a  very  productive  soil. 

83.  Basalt. 

92.  This  rock  is  generally  an  indistinct  mixture  c^  augite  and  felspar;  it 
is  also  called  batanite,  and  some  kinds  of  it  have  received  the  name  of  trap. 
The  above  constituents  are  generally  associated  with  olivine  and  magnetio 
iron  ore. 

Basalt  is  compact,  porphyritic,  granular,  amygdaloidal,  and  slaggy;  its 
colour  is  either  black,  greenish,  greyish,  or  brownish-black.  It  is  commonly 
hard  and  heavy.  A  distinction  is  made  between  the  common  basalt,  which 
is  compact  and  apparently  uniform  in  mass,  and  dolerite,  a  distinctly  mixed 
basalt,  in  which  we  recognise  especially  augite  and  felspar.  The  accidental 
constituents  are  nepheline,  leuoite,  mica,  and  iron  pyrites,  besides  olivine 
and  m^etic  iron  ore.  The  amygdahidai  hascUt  possesses  vesicular  cavi- 
ties, basalt  furnishes  the  best  material  for  paving  roads.  For  buildinff, 
the  compact  basalt  is  too  heavy,  while  on  the  other  hand  the  porous  baaut 
is  well  adapted  for  this  purpose ;  it  is  not  applied  to  finer  works  of  art.  The 
latter  kind  is  met  with  in  Germany,  in  the  vicinity  of  extinct  volcanoa, 
especially  in  the  seven  mountains,  of  which  the  Draohenfels  is  the  most  cele- 
brated; it  is  found  likewise  in  the  most  southern  parts  of  the  black  foreat 
rKaiserstuhl),  and  in  Bohemia,  where  it  is  used  as  dry  building  stone,  and 
the  lighter  variety  in  the  construction  of  cupolas  and  vaults.  The  porous 
basalt,  from  the  quarries  in  the  neighbourhood  of  Coblentz  (at  Neidermen- 
ding),  is  much  celebrated,  and  is  employed  for  millstones.  When  disinteg- 
rated by  atmospheric  influences,  basalt  yields  a  highly  productive  soil,  whidi 
is  particularly  warm  on  account  of  its  dark  colour. 

84.  Phonolitb. 

98.  This  rock  is  called  klingstein,  or  sounding  stone,  from  its  property  of 
producing  a  clear  sound  when  struck  with  a  hammer,  and  though  apparency 
uniform,  it  is  a  mixture  of  felsite  and  natrolite ;  it  occurs  compact,  laminated, 
porphyritic,  from  crystals  of  felspar,  but  rarely  vesicular.  The  fracture 
varies  from  splintery  to  conchoidal,  and  from  vitreous  to  earthy.  The  colours 
of  this  rook  are  greenish-grey,  grey,  and  blackish-grey.  A  peculiarity  of 
this  kind  of  rock  is,  that  nearly  all  its  exposed  surfaces  are  coated  with  a 
white  crust  of  the  disintegrated  stone.  The  accidental  constituents  are: 
hornblende,  augite,  magnetic  iron  ore,  titanite,  leucite,  and  mica.  The  drusio 
and  vesicular  cavities  generally  contain  zeolites.  This  rock  passes  over  into 
trachyte,  and  approaches  on  the  other  hand  to  basalt.  As  varieties  we  may 
distinguish  compact  phonolite,  porphyry  slate,  and  the  decomposed  ^honolite, 
which  is  a  soft  almost  earthy  rock,  and  yields  a  kind  of  poroelain  earthy  like 
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die  above-mentioned  white  crast  of  disintegrated  rook.  This  rook,  which 
frequently  splits  into  plates,  is  used  in  baildm^,  sometimes  even  for  roofing, 
and  also  freqnentlj  for  paving.  The  olay  soil  resulting  from  its  decompo- 
ntkm  is  but  little  &voiurable  to  agriculture. 

35.  Tbachyte. 

94.  Trachyte  k  an  indistinct,  indefinite,  mostly  granular  mixture,  in 
which  felspar  (nredominates.  It  is  nearly  always  porphyritic,  from  the  pre- 
•ease  of  vitreous  felspar  crystals,  and  generally  contains  scales  of  mica  and 
needles  of  hornblende.  It  occurs  granular,  porphyritic,  compact,  slaggy, 
and  earthy.  The  fundamental  mass  is  grey,  yellowish,  reddish,  or  greenish. 
For  buildinff  purposes  this  rock  may  easily  be  dressed  with  the  hammer  and 
other  suitable  tools;  but  it  decays  easily,  as  has  been  proved,  for  instance, 
in  the  cathedral  at  Oologne,  the  more  ancient  part  of  which  is  constructed 
of  trachyte,  from  the  Imbengebirge*  It  yields  a  productive  loamy  soil  for 
agriculture. 

36.  Lava.    . 

95.  This  is  an  indistinct  mixture  of  augite  and  felspar,  frequently  asso- 
ciated with  leucite  and  magnetic  iron  ore,  more  rarely  with  mica,  olivine, 
&c  It  occurs  granular,  compact,  porph3rritic,  and  sUiggy.  Its  colour  is 
either  dark,  brown,  grey,  reddish,  greenish,  yellowish,  or  black.  All  the 
glowing  masses  in  general  that  are  emitted  in  streams  from  volcanos  during 
eruptions,  independent  of  their  composition,  are  called  lavas.  The  different 
varieties  are  —  the  basaltic  lava,  very  similar  to  basalt,  though  rougher ; 
dolentic  lava;  leucite  lava;  porphgritic  lava;  daggy  lava;  and  lastly 
the  voUumic  dcoria,  consisting  of  detached  fragments,  and  called  lapiUi,  or 
volcanic  sand.  Lava  is  particularly  distinguished  for  the  remarkably  fruitful 
soil  it  yields  by  slow  deoom position.  This  may  be  a  consequence  partly  of 
its  chemical  constitution,  partly  of  its  dark  colour,  and  of  the  evolution  of 
heat  and  carbonic  acid  proceeding  from  the  ground  near  volcanos  still  in 
aetioii. 

h.  Mechanically/  Mxed  Rocks. 

L  DiaimeOy  Mixed  Socks, 

37.  Bbeooia. 

96.  Brecda  is  a  combination  of  angular  portions  of  rocks,  enclosed  within 
another  mass,  which  may  be  termed  ue  uniting  medium  or  cement.  These 
breccias  receive  difierent  names,  according  to  their  enclosed  fragments,  or 
uniting  medium.  Thus  we  distinguish,  e.  g.  granite-,  porphyry-,  limestone-, 
and  bone-brecdas.  From  the  supposition  that  some  breccias  have  arisen 
through  the  forcible  trituration  of  a  liquid  mass  against  a  solid  one,  thev 
are  called  trituration-brecdaSf  as^  for  example,  a  mass  of  porphyry  with 
fri^ento  of  cla^-slate. 

When  the  uniting  medium  of  the  breccia  is  sufficiently  hard,  it  may  be 
used  for  building  material.  A  few  breccias,  which,  from  the  admixture  of 
variegated  and  diffierently-formed  fragments  of  rocks,  present  a  very  beau- 
tifal  appearance^  particularly  when  polished^  are  applied  in  ornamental  archi- 
tecturci  and  receive  different  denominations^  answering  to  their  appearance. 
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Thus  a  breeoia,  canskting  of  granite,  poiphjiy,  and  dioritey  is  called  breccia 
verde  d'egitiOj  and  the  yarious  marble  breccias  are  named  violetta  anttcOf 
dorcUct,  pavowvoBCtf  &c. 

38.   CONQLOMSRATES. 

97.  Conglomerate  is  distinffoished  from  breceia  by  the  rounded  rocky 
fragments  which  are  cemented  togelJier  by  an  uniform  mass.  They  iwTe 
received  yarioos  names,  according  to  their  oonstitnent  fragments:  gneiss- 
conglomerate,  basalt-conglomerate,  gre^poackej  nagel/hJij  oo.  Oonglem^ 
rates  may  be  used  for  building  and  road-making.  They,  as  well  as  the 
breccias,  yield  on  disintegration  a  soil,  the  productive  quality  of  which  most^ 
of  course,  depend  upon  the  nature  of  the  rocks  composing  them.  Thns 
greywacke  conglomerate  yields  a  strong,  and  thm^fore  loose,  clayey  soil.  The 
red  conglomerate  has  a  sandy  or  clayey-combining  medium,  containing  layen 
of  porphyry,  gneiss,  granite,  mica-date,  clay-slate,  &c.,  whioh  remain  unde> 
cayed  in  the  clayey  and  sandy  soiL  Basalt-conglomerate  generally  yields  a 
very  fertile  loam-  and  clay-soU. 

39.  Sandstonb. 

98.  This  rock,  so  universally  distributed  and  so  well  known,  is  a  combi- 
nation of  minute  and  mostly  spherical  particles,  held  together  by  a  uniting 
medium  which  is  scarcely  to  be  distiugaished.  The  particles  are  principally 
quartz,  and  the  cement  is  generally  clay,  marl,  or  oxide  of  iron,  more  rarely 
hornstone.  We  distinguish  accordingly  clayey y  cakareoiiSf  marly,  /errugi' 
nouSf  and  siliciaiis  sandstone. 

We  call  it  congbm^erate  sandstone,  if  it  contains  isolated  and  large  rubble- 
stones.  Besides  acalns  of  quartz,  it  sometimes  contains  scales  of  mica  or 
grains  of  felspar,  hornblende,  or  green  earth.  The  latter  imparts  a  green 
oolour  to  it,  and  hence  the  name  green  sandstone.  There  are  various  other 
admixtures  in  sandstone,  of  which  we  will  merely  mention  the  globular  con- 
cretions of  clay,  which  are  termed  clay-galls. 

Many  other  names  given  to  sandstone,  such  as  keuper  sandstone,  lias,  &c, 
refer  to  the  systems  of  stratification,  which  we  shall  describe  further  on. 

In  sandstone  we  possess  one  of  the  most  valuable  materials  for  manifold 
uses;  it  is  particularly  adapted  for  building,  being  very  workable.  Sand- 
stones of  finer  grain  and  uniform  colour  throughout  offer  an  excellent  mate- 
rial for  sculpture,  and  have  been  employed  particularly  in  the  rich  and  mag- 
nificent ornaments  of  our  ancient  cathedrals.  The  colour  of  sandstone 
ranges  from  white  through  yellow,  greenish  yellow,  to  brownish  and  brows, 
—  die  latter  variety  being  found  of  great  beauty,  particularly  in  Wurtem- 
bera.     Besides  these,  red  sandstone  is  also  frequently  found. 

Sandstone  is  but*an  indifferent  material  for  road-making;  but  the  hardest 
kinds  are  used  for  mill-stones,  grinding-stones,  and  many  in  the  form  of  flags 
are  used  for  roofing  and  paving. 

The  soil  it  produces  by  decay  is  one  of  the  most  unproductive,  since  it  is 
totally  destitute  of  potassa  and  soda,  and  incapable  of  retaining  moisture. 
Sandstone,  in  which  clay  and  marl  preponderate  as  a  cement,  is,  of  course, 
more  favourable  to  agriculture. 
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40.  Debris.    Orayel.    Sand.,   Cruicbled  Books  (Gruss). 

99.  The  tenn.  dAris  is  applied  to  a  loose  aoeamulatioD  of  rocky  frag- 
ments, like  breccias,  without  cement,  whilst  by  gravel  or  rubble^ttanes  we 
understand  a  collection  of  rounded  fragments  of  rooks,  that  may  be  regarded 
as  conglomerate,  which  is  not  uuited  by  a  binding  material.  Sand  is  a 
loose  aocomulation  of  grains  of  minerals,  mostly  of  quarts.  Gruss  signi- 
ies  the  loose,  unoonneoied  constituents  of  any  compound  rock,  e.  g.  granite- 
eruss  consists  of  an  uncombined  mixture  df  grains  of  quarts,  mica,  and 
felspar. 

n.  JhdisUneOy  Mtxed  Rocki. 

41.  Marls. 

100.  Although  apparently  uniform,  marls  are  an  amorphous  mixture  of 
carbonate  of  lime  and  of  clay  occurnDg  of  all  densities,  from  compact  to 
earthy,  also  slaty,  but  rarely  of  a  fine  erain ;  the  colour  of  marls  is  either 
grey  or  yellowish,  reddish,  greenish,  bluish,  black,  white,  or  variegated. 
They  crumble  to  pieces  in  Sie  air,  generally  very  rapidly,  and  effervesce 
feebly  with  diluted  hydrochloric  add.  According  to  the  preponderance  of 
one  or  the  other  constituents,  or  the  admixture  of  other  minends,  we  distin- 
guish common  marly  caicareous  marl,  clayey  marl,  silicious  marl,  sandy 
marl,  aud  bituminous  marl,  which  is  mixed  with  bitumen  (asphalt),  and 
frequently  occurs  slaty.  Finally,  we  meet  with  cupriferous  slate,  a  Htu- 
minous  marly  slate  of  black  or  dark-grey  colour,  which  is  famous  for  its 
abundance  in  those  copper  ores,  mentioned  in  §  59,  and  which  contains 
besides  cobalt-,  nickel-,  and  silver*oree. 

Marl  is  totally  unfit  for  building  purposes,  in  consequence  of  its  rapid 
disintegration ;  it  is,  however,  on  this  account,  the  more  valuable  in  agricul- 
ture. Marl  soil  is  considered  the  most  fruitful,  although  it  must  he  ob- 
served that  it  should  not  contun  under  10  nor  above  60  per  cent,  of  carbon- 
ate of  lime.  Poor  land  and  calcareous  soils  are  improved  by  a  dressing  of 
marl.  The  marl  containing  a  larger  proportion  of  lime,  is  idso  burned  and 
used  as  hydraulic  lime  or  cement  (comp.  Chemistry,  §  81).  Marls  are  par- 
ticularly found  in  districts  of  the  more  recent  formations,  e.  g,  in  Suabia. 

42.  Clay. 

101.  Clay,  though  apparently  uniform,  is  a  mixture  of  alumina  with  a 
little  Ume  and  silica  (comp.  Chemistry,  §  87).  It  occurs  compact,  earthy, 
soft,  and  friable ;  it  softens  in  water  and  is  exceedingly  plastic.  It  is  found 
of  all  colours,  and  sometimes  even  black,  owine  to  the  presence  of  bitumen. 
We  distinguish  besides  pale  common  clay,  yellow  loam,  and  a  loose  earthy 
mixture  of  clay,  lime,  and  sand  (loss),  of  yellowish-grey  colour,  distributed 
more  particuhurly  throughout  the  valleys  of  the  Rhine.  Saline  clay  is 
mixed  with  rock-salt,  and  has  a  dark  colour,  which  is  due  to  the  presence 
of  carbon. 

Only  the  clay  of  the  more  ancient  formations,  hardened  into  stone,  is  used 
as  a  building  material.  Respecting  the  use  of  plastic  clay,  we  have  given 
comprehensive  information  in  §  88  of  Chemistry. 
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43.  FuLLEEs'  Earth. 

102.  This  term  draotes  a  soft  friable  mass,  probably  derived  from  the 
decomposition  of  greenstone;  it  possesses  an  uneven  fractnre,  from  coarse 
to  fine  earthy,  and  is  unctuous  to  the  touch.  Its  colour  varies  frt>m  grey, 
greenish,  yellow,  to  white.  It  forms  with  water  a  thin,  unmooldaUe  paste, 
which  is  used  by  manufacturers  for  extracting  the  greasy  matter  from  woollen 
fabrics.  It  contains  about  10  per  cent  of  clay  and  up  to  60  per  cent  of 
lime,  and  is  closely  related  to  the  boles. 

44.  TuPA. 

103.  Under  this  name  several  kinds  of  rock,  not  accurately  defined,  are 
comprehended,  containing  rather  loose  and  partly  earthy  combinations  of 
clayey,  calcareous,  and  sandy  constituents.  Their  colour  is  mostly  grey  or 
yellowbh ;  sometimes  they  dso  enclose  a  mixture  of  debris  or  fragments  of 
compact  rocks.  Amongst  other  tufias  we  notice  the  following,  viz.,  frcus,  a 
volcanic  tufa,  which,  mixed  with  1}  to  2}  parts  of  lime,  forms  cement  which 
sets  under  water  (Chemistry,  §  81),  and  hence  has  been  applied  to  many 
important  purposes.  The  trass  firom  the  neighbourhood  of  Andemaofa  is 
the  most  celebrated  in  Germany.  The  volcanic  tufa  of  Italy,  pausilipp  tufa 
vxA  j^eperine^  or  pepper-stone,  are  partly  applicable  for  building;  but  they 
are  sometimes  much  injured  by  the  influence  of  the  weather.  In  the  neigh- 
bourhood of  Naples  there  exist  antique  buildings,  grottos,  &c.,  constructed 
of  this  rock ;  its  disintegration  produces  an  extremely  fruitful  soil. 

45.  Humus. 

104.  Arable  or  cultivated  soil  is  the  superficial  stratum  of  the  earth's 
crust.  It  is  a  soil  mineralogically  undefined,  and  the  product  of  vegetable 
and  animal  nature  upon  the  soil  yielded  by  disintegration  of  any  kind  of 
rock.  The  remains  of  decaying  organic  substances  (comp.  Chemistry, 
§  164)  are  intimately  mixed  with  the  particles  of  the  crumbled  rock,  and 
impart  to  it  mostly  a  darker  and  sometimes  a  black  colour,  and  highly  fer- 
tilising properties.  Some  localities  of  the  earth,  however,  are  entirely  des- 
titute of  this  mould ;  for  instance,  where  pure  lime-  or  quartz-rock  forms 
the  surface,  vegetable  life,  in  consequence  of  the  deficiency  of  nutrition,  is 
either  totally  absent,  or,  if  present,  it  is  developed  so  imperfectly,  that 
humus  or  organic  matter  cannot  be  formed  on  such  soUs. 

B.   STRUCTUBE  OP  ROCKS. 

105.  When  a  mass  of  any  variety  of  rocks  is  before  us,  there  are  two 
modes  of  considering  it  with  reference  to  its  form ;  firstly,  its  configuration 
and  relation  to  external  objects,  and  secondly,  its  interior  structure.  We 
accordingly  distinguish  the  interioal  and  external  forms  of  rocks. 

Internal  Forms  of  Rooks. 

106.  We  do  not  anywhere  find  masses  of  rock  of  any  extent  equally  co- 
herent throughout.  Even  in  the  most  compact  and  hanl  kinds  we  observe 
divisions  and  separations  which  are  formed  by  chasms  and  fissures.  The 
oridn  of  the  latter  may  easily  be  illustrated  by  a  mass  of  moist  clay.  As 
it  £rieS|  fissures  and  cracks  appear  on  the  surface,  while  the  interior  parts 
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ooDtract,  as  may  frequently  be  perceived  on  a  large  scnle  in  all  clay-Boils 
during  hot  sammcrs.  The  above  rocks  mast,  therefore,  have  formerly  been 
soft,  and,  contracting  as  they  hardened,  must  have  split  in  various  directions, 
thus  forming  larger  or  smaller  divisions.  In  the  former  case  the  rocks  may 
be  called  irreguJnrly  mctssivej  and  in  the  latter  split  or  fissured  rocks. 

The  strata  of  some  rocks  are  often  disposed  with  a  wonderful  regularity, 
presenting  a  mural  appearance  as  if  actually  constructed  of  gigantic  ma- 
sonry. This  is  exhibited  by  the  Cyclopean  granite  walls,  which  occur  in 
prodigious  masses  on  the  summit  of  Ooatfell,  in  the  Island  of  Arran,  and 
in  those  at  Land's  End,  Cornwall,  (fig.  1),  where  vertical  cliffs,  appearing 
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2.  DecomposiDg  Surface  of  Trap-Rock  at  Corrie, 
in  ArrazL 


like  artificial  walls,  formed  of  gigantic  masses  of  granite,  sometimes  rise  to 
the  height  of  100  feet.  There  are  also  rocks  enclosing  globular  concretions, 
arising  from  the  circumstance  that  the  hardening  of  the  mass  has  taken  place 
in  different  central  points  at  once,  round  which  further  deposits  were  formed 
in  concentric  layers.  Thus 
when  trap-rock  is  exposed  to 
the  weather,  the  surface  under- 
goes decomposition,  and  peels 
off,  in  thin  layers,  like  the  con- 
centric coats  of  an  onion,  often 
exhibiting  large  round  masses 
on  the  surface  of  the  rock. 
Occasionally  the  rounded  masses  are  so  small,  that  the  rock  has  the  appear- 
ance of  a  quantity  of  pea-iron  ore.  More  frequently  rocks  are  split  up  into 
pillars,  having  generally  the  form  of  hexagonal  columns.  Such  columnar 
forma|^ons  are  beautifully  illustrated  by  the  basaltic  columns  of  Fingal's 
Cave,  in  the  Isle  of  Staffa  (fig.  3)  [which  has  now  been  worn  out  by  the 
action  of  the  Atlantic  breakers^  sod  by  the 
Giant's  Causeway,  on  the  west  coast  of  Antrim, 
in  Ireland.  Similar  formations  occur  near  Stol- 
pen,  in  Saxony,  and  at  Unkel,  on  the  Rhine, 
where  columns  of  the  length  of  from  30  to  80 
feet  have  been  observed.  These  columns  fre- 
quently have  horizontal  joints  (ifig.  4),  at  which 
they  split  into  smaller  pieces.  They  are  usually 
accompanied  by  smaller  columns,  decreasing  in 
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8.  Fingal's  Cave,  Isle  of  Staffa. 

logalarity  of  form^  so  as  sometimes  to  appear  rather  as  three-sided  than  as 
hexagonal  columns. 

The  most  common  stmotnre  of  rocks,  however,  is  that  of  flat  or  tabalar 
masses.  These  divisions  are,  moreover,  less  regularly  defined.  They  are 
frequently  so  massive  as  to  form  immense  blocks,  or  they  appear  as  tabular 
slabs,  gradually  attenuating  to  flags  and  slates. 


Stratification.. 

107.  Bocks  separated  into  strata,  frequently  give  peculiar  evidence  by 
their  structure,  that  the  superincumbent  layers  did  not  originate  at  one  and 
the  same  period,  but  that  their  deposition,  solidification,  and  contraction  took 
place,  gradually  and  successively.  This  is  rendered  particularly  evident  by 
the  circumstance,  that  between  strata  of  the  same  kind,  intermediate  layers 
are  often  observed ;  for  instance,  beds  of  limestone  are  separated  by  others 
of  marl.  We  have  abundant  evidence  that  rocks  stratified  in  this  manner, 
arose  by  a  gradual  settlement  of  their  particles,  formerly  suspended  in  water, 
according  to  their  greater  specific  gravity.  Similar  formations  of  layers  or 
strata  may  be  perceived  on  a  smaller  scale  on  the  banks  of  brooks  or 

rivers.  Having  in  the  following  pages  to 
return  to  the  origin  of  stratification,  we 
will  first  consider  some  peculiarities  of  the 
strata,  or  of  their  relative  position  and 
direction. 

The  different  layers  of  a  stratified  rock, 
as  shown  in  fig.  5,  have  a  parallel  position  like  the  leaves  of  a  book.  The 
thickness  or  depth  of  the  individual  strata  is  exceedingly  unequal;  for 
some  of  them,  as  represented  by  lines  in  the  diagram,  measure  soaroeiy  a 
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quarter  of  an  inch,  and  are  interposed 
between  o^ers  that  measure  in  depth 
from  20  to  80  feet  The  direction  of 
these  strata  is  either  horizontal,  i.  e,  par- 
allel to  the  sor&ce  oi  the  earth,  as  in 
fig.  5 ;  or  in  an  inclined  position,  as  the 
strata  a  to  ^  in  fig.  6.  Yarions  strata  are 
likewise  occasionallj  observed  to  have  a 
vertical  position,  as  in  fig.  7,  in  which 
oase  they  are  called  upright  strata.  The 
course  in  which  water  poured  on  an  in- 
clined stratified  layer  would  descend,  is  ^' 
called,  in  geological  language,  the  fall  or  dtp  of  Uie  strata, 
of  various  strata  is  designated  by  the  term  strike. 

When  various  strata  come  to  the  surface  of  the  earth,  as  shown  in  figs.  5, 
6,  and  7,  they  are  said  to  crop  out  or  basset.  The  exposed  or  superficial 
parts  oi  the  erect  and  inclined  strata,  as  in  figs.  6  and  7,  might  be  called 
their  head$.  The  horizontal  layers  become  exposed  mostly  by  the  action  of 
currents  of  water,  rivers,  &c.,  as  in  fig.  8,  or  by  the  action  of  the  sea;  by 
making  rail-roads,  quarrying,  and  mining. 
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Fig.  8.  Denudation  of  Qlen  Shirrag,  Island  of  Arran.  A,  the  old  red  sandstone 
on  the  north  of  Glen  Shirrag :  B,  the  alluTial  hollow  of  the  Glen :  G,  the  carbonif- 
erous formations,  with  limestone  strata :  B,  apparently  unconnected  with  the  old 
red  sandstone. 

Various  strata  are  frequently  observed  to  taper  off,  and  to  decrease  consi- 
derably in  thickness  in  one  direction,  finally  either  ceasing  entirely,  or  ex- 
tending further  in  scarcely  recognisable  laminae  between  the  other  rocks. 
This  occurs  especially  with  beds  of  coal,  the  discovery  of  the  wedge-like  end 
of  which  frequently  leads  to  a  bed  of  greater  thickness. 

From  this  it  will  be  evident  that  various  strata  may  appear  in  one  place  to 
be  in  almost  immediate  contact,  whilst  at  a  short  distance  further  they  are 
separated  from  each  other.  The  erect  or  inclined  strata  are  evidently  not  in 
their  original  position,  but  have  been  forced  out  of  it  by  some  cause  acting 
subsequently  to  their  formation.  This  is,  however,  not  the  only  alteration 
which  certain  strata  have  suffered,  for  their  regular  and  parallel  course  is  often 
more  or  less  interrupted,  and  in  that  case  they  appear  no  longer  equally  su- 
per-imposed like  the  leaves  of  a  book,  but  are  bent,  twisted,  broken  up,  and 
intermingled. 
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External  Forms  op  Rocks. 

108.  If  we  contemplate  the  general  aspect  of  rocks  in  relation  to  snrrcmnd- 
ing  objects,  they  present  themselves  under  three  different  forms,  namely,  as 
Stratified  rocks,  Massive  or  Unsiratified  rocks,  and  as  Veins. 

Most  commonly  several  strata  of  different  kinds  of  rock  are  perceived  to 
overlie  each  other,  and  form  in  this  manner  systems  of  stratification,  fre- 
quently of  very  considerable  magnitude.  Limestone,  Dolomite,  Coal,  Sand- 
stone, Clay,  and  Marl,  afford  special  examples  of  such  stratification. 

The  structure  of  the  massive  rocks  never  exhibits  the  slightest  appearance 
of  stratification,  but  merely  an  irregular  division  or  cleavage,  or  the  fiaBQiea 
mentioned  in  §  106.  They  are  rarely  spread  over  any  considerable  space, 
but  occur  as  isolated  precipitous  masses  breaking  through  the  stratified  rocks, 
and  interrupting  more  or  less  their  regular  arrangement.  Granite,  syenite,  por- 
phyry, basalt,  &c.,  exist  merely  as  massive  rocks,  and  never  occur  stratified. 

Veins  penetrate  not  merely  through  the  stratified,  but  also  through  massive 
rocks :  their  form  may  be  readily  understood,  if  we  study  their  origin.  In 
the  chasms  and  fissures  that  arose  during  the  process  of  hardening,  of  iJie  one 
kind  of  rock,  there  penetrated  afterwards  the  semi-fluid  masses  of  the  other 
kinds,  which,  in  course  of  time,  likewise  hardened.  These  veins  are  rather 
irregularly  distributed,  but  their  dip  and  strike  are  likewise  taken  into  oonsi- 
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Vein  of  Granite  penetrating  Mica-slate  near  Wicca  Cove,  ComwalL 
a.  Granite  Veins.    6,  Slate,    c,  Main  mass  of  Granite. 

deration.  These  veins  must,  however,  be  distinguished  from  the  mineral  or 
metallic  veins,  which  are  generally  of  inferior  thickness,  but  of  more  im- 
portance since  they  contain  valuable  minerals  and  ores,  and  are  therefore  fino- 
qnently  mined. 

Special  Forms  of  Rocks. 

109.  As  such  we  have  to  mention  formations  frequently  observed  in  the 
caverns  of  several  parts  of  England,  particularly  Somer- 
set and  Derby.  These  are  called  Stalactites  (^s,  10),  if 
pendent  from  walls,  and  increasing  downwards  like  icicles, 
or  Stalagmites,  if  arising  from  the  ground,  and  increasing 
or  growing  upwards  by  the  accumulated  droppings  from 
above.  They  generally  arise  from  water,  holding  lime  in 
solution,  which  trickles  through  the  roofs  and  sides  of 
caverns,  and  on  evaporating  leaves  the  lime  behind  in  the 
most  singular  and  varied  shapes.  Incrustations  are  formed 
20,  by  the  evaporation  of  waters,  holding  minerals  in  solu- 

Stalactites  and  ^^^°>  ^P^^  ^°J  object,  which  thus  becomes  covered  with 
Stalagmites.       coatings  of  various  thickness.     We  find  frequently  tra- 
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11. 
Dendrites. 


eings  resembling  trees  or  mosses  between  slabs  or  plates 
of  rocks,  forming  Dendrites  Tfig.  11),  wbich  may  easily 
be  imitated,  and  their  origin  illustrated  by  placing  some 
finely  levigated  clay  between  two  plates  of  smooth  glass, 
or  stone,  and  pressing  them  slightly  together.  A  va- 
riety of  ramified  designs  are  thus  obtained,  similar  to 
the  hardened  formations  occurring  in  Nature,  which 
may  easily  be  mistaken  for  petrified  moss  or  other  vege- 
table objects. 

C.  SUPERPOSITION  OF  ROCKS. 

110.  From  the  relative  position  and  combination  of  the  strata,  masses,  and 
veins,  we  are  enabled  to  identify  the  differ- 
ent periods  of  their  formation,  or  the  ages 
of  the  deposits. 

The   relative  position   of  the  strata  to 
each   other,  may  be  very  different.     For 
instance,  they  may  be  lying  horizontal  and    zj-S^'^-jizIl'^-^i 
parallel  to  each  other  (fig.  12),  or  they  may    ------~-~^ 

assume  an  inclined  or  vertical  position  (fig. 
13),  covered  by  parallel  horizontal  strati- 
fications. 
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Massive  rocks  generally  are  found  rising  side  by  side,  and  it  rarely  happens 
that  one  kind  of  rock  is  covered  over  to  any  extent,  by  the  horizontal  layer  of 
another.  Trunk-shaped  and  fragmentary  rocks  are  often  partially  or  entirely 
Burrounded  by  a  layer  of  another  rock ; 
as,-  for  example,  granite  by  gneiss  (fig. 
14),  which  often  occurs  when  the  inte- 
rior rock,  in  its  eruptive  ascent,  breaks 
off,  and  carries  along  with  it  fragments 
of  the  other  which  it  entirely  encloses. 

Veins  generally  stand  more  in  a  verti- 
cal direction  towards  the  interior  of  the 
earth,  than  in  horizontal  or  oblique  di- 
rections. They  are  frequently  found  to 
pass  through  the  rock  almost  perfectly 
parallel  with  each  other.  By  a  subse- 
quent displacement  or  disturbance  of  the 
position  of  the  main  rock,  these  veins 
are  of  course  likewise  displaced  and 
broken  up,  which  gives  rise  to  great  difficulties  in  mining,  in  following  up  a 
24 
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rich  vein  of  ore.  The  lodes  also  cross  and  pass  through  each  other.  The 
coal  measures  of  Great  Britain  are  frequently  seen  to  have  been  dislocated 
by  faults.  This  will  be  easily  understood  by  referring  to  figs.  12,  1 6,  16, 
in  which  the  dark-coloured  strata  represent  coal  measures,  which  have 
been  displaced  from  their  original  position  by  subterranean  disturbing 
influences. 


16. 

Fig.  17  represents  a  very  remarkable  example  from  the  mountains  of  Jura, 
where,  owing  to  the  flexibility  of  the  strata^  they  have  sufiered  great  con- 
tortion,   without    be- 

c 


coming   ruptured,  so 
as  to  produce  faults. 

111.  From  a  closer 
observation  of  the 
above-mentioned  re- 
lative position  of  rocks, 
we  gather  the  most 
important  conclusions, 
as  to  which  of  them  is 
the  older,  or,  what 
amounts  to  the  same, 
which  formation  was 
hardened  first.  The 
following  principles 
may  be  accordingly  ac- 
cepted as  perfectly  established.  The  upper  strata  are  newer,  or  of  more  recent 
date  than  those  which  are  below  them ;  rocks  which  have  disturbed  the  posi- 
tion or  stratification  of  the  adjacent  formations  are  more  recent  than  these  ] 
rocky  masses  in  the  middle  of  other  rocks  from  which  they  are  separated  by 
sharply-defined  lines,  are  generally  of  more  recent  formation  than  the  latter ; 
rocks  which  enclose  fragments  or  disjointed  layers  are  younger  than  those  to 
which  these  detached  pieces  belong ;  veins  and  lodes  are  more  recent  than  the 
beds  of  rocks  in  which  they  are  found,  and  younger  than  the  veins  which  they 
cross  or  intersect ;  and,  finally,  if  one  stratum  of  rock  is  younger  than  a 
second  and  older  than  a  third,  the  second  must  be  likewise  older  than  the 
third. 
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D.  ORGANIC  REMAINS. 


112.  Many  deposits  of  rock  enclose  forms  which  are  called  petrifactions, 
and  which  may  be  recognised  at  a  glance,  as  not  being  of  mineral  origin,  but 
to  have  belonged  formerly  to  the  vegetable  or  animal  kingdom.  Hence  it 
follows  that  the  origin  of  the  rocks  themselves  must  be  dated  from  the  same 
period  in  which  those  plants  and  animals  existed.  The  petrifaction  of  these 
bodies  has  not  been  the  result  of  a  transformation  of  their  chemical  consti- 
tuents into  those  of  a  mineral  character,  since  that  would  be  impossible,  as 
has  been  shown  in  Chemistry  (§  10).  On  the  contrary,  these  plants  and 
animals,  when  on  the  surface  of  the  earth,  became  enveloped,  during  its 
great  revolutions,  in  the  semi-fluid  substance  of  the  rocks  in  which  they  are 
now  found,  and  which  subsequently  hardened.  It  is  evident  that  under 
such  violent  processes  the  softer  and  more  perishable  parts  could  not  be  pre-* 
served,  and  hence,  in  general,  only  the  more  durable  parts  of  plants,  such 
as  bark,  wood,  and  ligneous  fruits,  or  the  calcareous  shells  of  corals,  mus- 
sels, and  snails,  as  well  as  the  bones  of  the  higher  class  of  animals,  have 
been  preserved.  The  more  perishable  organised  formations,  consisting  of 
carbon,  hydrogen,  and  oxygen,  have  undoubtedly  been  sooner  or  later  de- 
composed, since  they  are  never  found  in  the  rock.  Nevertheless,  under 
favounble  circumstances,  many  a  token  or  evidence  of  these  formations  has 
been  preserved  in  the  midst  of  destruction.  Delicate  leaves,  and  minutely ' 
articulated  insects  enveloped  in  the  semi-fluid  mass,  have  at  least  left  behind 
impressions  in  the  hardened  rocks,  from  which  their  formation  and  class  may 
often  be  clearly  traced.  In  other  specimens  the  innumerable  little  interstices 
or  cavities  of  their  bodies  have  been  gradually  filled  up  with  the  mineral 
fluid,  which,  upon  hardening,  preserved  likewise  their  internal  structure. 

113.  Difficult  as  it  was  at  first  to  explain  the  appearance  of  an  innume- 
rable host  of  organio  remains  enclosed  in  rocks  at  great  depths,  and  at  alti- 
tudes of  12,000  feet,  these  petrifactions  became  at  a  later  period  most  essen- 
tial, as  characteristic  of  the  various  rocks  in  which  they  occur.  The  following 
hcts  have  resulted  from  accurate  observations  of  thes,e  remains. 

Petrifactions  are  found  only  in  stratified  rocks,  which  have  been  deposited 
from  water,  and  never  in  unstratified  or  igneous  rocks.  The  number  of 
species,  both  of  petrified  plants  and  animals  in  the  various  strata,  is  very 
unequal :  those  occurring  in  the  upper  strata,  approximate  more  closely  to 
the  still-existing  species  of  the  animal  and  vegetable  kingdoms :  these,  how- 
ever, decrease  in  the  lower  strata,  so  that  the  more  perfectly  developed  ani- 
maln  and  plants  gradually  disappear  whilst  the  lower  orders  prevail,  and  the 
existing  species  become  more  and  more  rare.  In  the  lowest  and  oldest  strata, 
only  such  fossil  remains,  of  organised  beings,  are  met  with,  as  are  now  no 
longer  to  be  found  in  the  recent  state. 

If  the  formation  of  two  beds  of  rock,  in  diflerent  localities,  has  for  other 
reasons  been  recognised  as  contemporary,  they  must  contain  the  same  petri- 
factions ;  and,  on  the  other  hand,  we  conclude  from  the  exact  similarity  of 
the  species  of  fossils  existing  in  these  rocks  that  they  must  be  of  coeval  form- 
ation. Hence  petrifactions  have  become  of  the  utmost  importance  in  ascer- 
taining the  age  of  the  several  strata,  and  in  some  cases  they  are  the  easiest, 
and  even  the  only  means  of  deciding  that  question:  as  we  find  in  the 
various  strata  a  widely-diflferiug  vegetable  and  animal  world,  we  conclude 
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that  the  climate  and  condition  of  the  surface  of  the  earth,  at  the  varioua 
periods  of  its  formation,  must  have  been  very  dissimilar.  Again,  the  fossils 
of  the  oldest  strata  give  evidence  of  the  animal  creation  having  been  much 
more  equally  spread  over  the  surface  of  the  earth  than  it  is  at  present;  and 
hence  the  great  difference  of  temperature  at  the  poles  and  the  equator  seems 
not  to  have  been  so  remarkable  formerly,  as  it  is  at  the  present  period. 

114.  The  total  number  of  fossil  plants  and  animals  is  exceedingly  great, 
and  has  become  the  object  of  two  special  sciences,  namely  Ibml  Botany 
and  Palseontology,  Their  correct  description  requires  of  course  a  compre- 
hensive knowledge  of  botany  and  zoology,  and  therefore,  in  treating  of  these 
sciences,  we  have  paid  proper  regard  to  these  petrifactions.  However,  we 
will  inti*oduoe  here  a  concise  review  of  the  plants  and  animals  which  occur 
as  fossils,  beginning  with  the  lower  or  more  imperfect  orders. 

Of  fossil  plants,  we  find  the  following  orders :  algae ;  lichens ;  and 
mosses )  Equesetacese  occupying  the  oldest  up  to  the  mediseval  strata.  Ly- 
copodiacesa,  tree  ferns,  particularly  abundant  only  in  the  old  strata ;  Idlia- 
cea  ]  palms,  stems,  fruits,  and  foliage ;  pines  and  dicotyUdonous  trees ;  the 
latter  occur  only  in  the  more  recent  strata. 

Fossil  Animals,  —  Infi^soria  are  found  in  many  strata;  polypi  or  corah 
occur  most  frequently  in  the  oldest  formations.  Hadiata  and  echinodermata, 
amongst  which  are  found  encrinites,  star-fish,  and  the  common  sea-urchin 
(Echinus  esculentus),  and  mollusca  ;  these  are  the  most  frequent  of  all,  and 
to  the  geologist  the  most  important.  There  are  found,  beginning  in  the  old 
strata,  and  most  plentifully  in  the  middle  strata,  not  only  bivalve  shells,  but 
also  univalve  snails,  and  among  the  latter  edpecially  several  important  gen- 
era now  perfeoUy  extinct,  as  ammonites  and  belemnites.  Annellata  or 
fossils  of  the  worm  kind  are  rare;  Crustacea  are  likewise  not  of  frequent 
occurrence.  Insects  occur  distincUy  only  in  beds  of  brown-coal,  especially 
in  amber :  they  are  on  the  whole  but  rare.  Fishes  are  exceedingly  nume- 
rous, upwards  of  800  species  having  already  been  recognised  in  the  various 
strata.  Amphibious  animals  are  represented  by  the  batrachia  or  frog  tribe, 
though  rare ;  and  the  ophidia  or  snake  tribe  are  replaced  in  great  number 
by  saurians  or  the  lizard  tribe,  now  and  then  of  gigantic  size,  but  at  present 
totally  extinct.  Birds  are  but  seldom  found  in  the  older  strata;  mammalia 
exist  only  in  the  uppermost  strata.  There  are,  however,  several  extinct 
species  of  gigantic  size,  including  the  mammoth,  megatherium  (page  309), 
diinotherium,  &o.  Monkeys  are  exceedingly  rare.  Traces  of  human  re- 
mains are  not  contained  in  any  of  those  strata  that  have  been  subjected 
again  at  a  later  period  to  a  general  destructive  influence.  Man,  therefore, 
did  not  appear  on  earth  until  its  crust  was  sufficiently  stable,  and  suffered 
no  longer  any  general  revolution. 


SYSTEMATIC  GEOLOGY. 
Origin  and  Structure  of  the  Crust  op  the  Earth. 

115.  This  wondrous  edifice,  inhabited  by  man,  did  not  receive  at  once  its 
present  form.  Let  us  trace,  from  the  preceding  statements;  founded  on 
experience  and  facts,  the  history  of  its  origin  and  progress. 

There  was  a  time  when  the  whole  earth  must  have  been  a  liquid  glowing 
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mass  rolling  its  onward  course  ihrongh  space.  The  elements  or  simple  sub- 
stances which  it  contains  then  united  with  each  other  only  in  such  combina- 
tions as  could  exist  at  a  high  temperature.  The  gases  formed  the  atmo- 
sphere which  surrounded  the  firmer  nucleus  as  a  covering;  with  this  was 
associated  the  vapours  of  an  immense  number  of  volatile  compounds  which 
could  not  remain  in  a  solid  or  liquid  state  at  such  a  temperature.  The  ocean 
was  then  in  the  form  of  vapour.  Thus  the  earth  in  its  first  phases  of  form- 
ation appears  to  have  been  a  soft,  red-hot  nucleus,  enveloped  by  an  immense 
and  very  dense  atmosphere  which  surrounded  it  or  followed  its  course,  per- 
haps in  the  manner  that  the  vapoury  sphere  or  tail  of  the  comets  and  nebu- 
lous stars  appear  now  to  accompany  these  bodies  through  the  illimitable 
universe. 

But  by  continually  radiating  heat  into  infinite  space,  the  earth  suffered  a 
decrease  of  temperature  at  least  on  its  surfstce.  The  difficultly  fusible  che- 
mical compounds,  such  as  silicate  of  alumina  and  magnesian  clay-slate  (mica- 
slate),  &c.,  began  gradually  to  separate  in  the  form  of  finely  laminated  crys- 
tals, and  by  continued  cooling  to  settle  upon  the  surface  of  the  nucleus  of 
the  earth,  forming  the  first  thin  coating  or  crust  over  the  red-hot  liquid 
mass,  and  thus  separating  it  from  its  vapoury  atmosphere.  This  was  the 
commencement  of  the  earth's  crust,  which  might  now  be  increased  in  firm- 
ness more  rapidly  since  the  immediate  influence  of  the  internal  heat  was 
arrested,  and  as  the  combinations,  existing  in  form  of  vapour,  might  now  be 
deposited  thereon,  at  least  partly,  in  the  form  of  liquids. 

116.  At  that  time  organic  life  could  not  exist.  The  crust  was  still  too 
hot  to  admit  of  plants  taking  root  and  growing ;  the  existence  of  vegetation, 
however,  is  indispensable  to  animal  life,  and  indeed  those  lower  slaty  strata, 
consisting  of  mica-slate  and  clay-slate,  contain  nowhere  the  least  trace  of 
animal  or  vegetable  matter.  If  water  had  gathered  already  at  that  period 
upon  the  crust  of  the  earth,  it  must  have  possessed  a  much  higher  tempera- 
ture than  at  present ;  hence  it  was  capable  of  dissolving  numerous  chemical 
compounds ;  and  while  the  ocean  at  present  contains  only  the  easily  soluble 

'  common  salt,  &c.,  the  ocean  of  that  period  may  have  held  in  solution  great 
quantities  of  silicates,  sulphates,  and  carbonates.  It  also  broke  up  again  a 
portion  of  the  solid  crust,  and  formed  therewith  a  muddy  liquid,  which,  as 
the  earth  cooled,  again  gra4ually  deposited  its  solid  parts  in  granular  strata, 
forming  what  is  now  known  as  sandstone. 

117.  Thus  nfe  behold  acting  continually,  in  concert  and  by  turns,  the 
laws  of  chemical  affinity  and  of  gravitation,  in  obedience  to  the  latter  of 
which  the  more  compact  substances  endeavoured  to  occupy  the  lowest  place. 
Had  this  mode  of  formation  thus  regularly  continued,  the  surface  of  the 
earth  must  have  assumed  a  tolerably  symmetrica]  shape;  the  eye  would 
have  beheld  neither  elevations  nor  depressions ;  the  main  body  of  the  earth 
wonld  have  been  covered  all  round  by  a  shallow  ocean,  and  this  in  its  turn 
would  have  been  enveloped  bv  the  atmosphere.  The  surface  of  the  earth, 
however,  is  differently  formed.  Repeated  disturbances  gave  to  it  a  more 
varying  exterior.  And  what  may  have  been  the  cause  f  The  very  same 
powers  of  Nature,  which,  by  the  same  laws,  prevail  up  to  the  present  day, 
and  which,  acting  under  the  peculiar  circumstances,  existing  at  that  period 
op  a  erander  scale,  produced  phenomena  now  scarcely  conceivable. 

-^llM.  The  more  compact  parts  that  were  deposited  first  are  justly  called 
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fundamental  or  primitive  rocks;  what  was  fonned  next  in  strata,  is  desig* 
Dated  as  stratified  formations,  consisting  generally  of  several  different  strata, 
which  form  together  a  stratified  system.  Whatever  rocks  originated  within 
the  same  period  we  call  coeval  formations,  and  hence  we  speak  of  the  oldest, 
the  mediaeval,  and  the  modem  formation,  which  follow  each  other  in  con- 
secutive order,  y^ 

The  crust  of  nie  earth,  upon  hardening  and  contracting,  split  into  fissures 
and  chasms  similar  to  what  we  perceive  frequently  on  a  considerable  scale 
in  parched  clay  soils.  The  water  entered  these  chasms,  widening  them  more 
and  more  by  its  solvent  power,  and  penetrated  at  last  through  the  thin  crust 
to  the  still  glowing  interior  mass.  The  result  of  the  sudden  contact  of  an 
immense  body  of  water  with  a  red-hot  surface,  would  be  the  formation  of  a 
vast  body  of  steam,  which  would  attain  simultaneously  an  extraordinary 
expansive  force  from  the  high  temperature.  These  vapours  pressing  in  every 
direction  with  an  irresistible  force,  raised  the  crust  of  the  earth,  puffing  it 
up  here  and  there  in  vesicles  of  immense  size ;  they  tore  it  up  finally,  with 
awful  force,  and  from  the  opened  abyss  there  poured  forth  the  red-hot  liquid 
mass.  Convulsively  propelled  by  the  vapours  thus  liberated,  it  spread  over 
the  neighbouring  surface  or  was  formed  into  mountains  surrounding  the 
opening  of  the  eruption. 

119.  Let  us  cast  a  glance  on  the  present  surface  of  the  earth.'  How  dif- 
ferent do  we  find  it  from  that  regular  form  described  in  §  117  !  From  the 
uplifted  portion  of  the  earth's  crust  the  waters  have  flowed  to  the  lower 
parts.  The  solids  have  separated  from  the  liquids;  the  former  appearing  as 
continents  surrounded  by  islands,  the  latter  as  the  sea.  The  main  land  itself 
consists  partly  of  stratified  rocks,  partly  of  an  irregularly  shaped  mass,  which 
has  been  forced  up  from  the  interior  and  slowly  solidified,  and  which  hence 
presents  the 'appearance  of  an  irregular  mass  of  unstratified  rock.  The 
fissures  that  arose  here  and  there  in  both  formations  were  filled  up  with  the 
softer  rocks  or  ores,  and  in  this  manner  originated  veins,     (Comp.  §  108.) 

^   We  have  now  recognised  water  and  fire  as  the  two  causes  of  the  above 
forms,  and  hence  we  name  the  latter  from  the  mythological  representatives  f 
of  the  former:  Neptunic,  or  water  formations,  and  Plutonic,  or  volcanic 
(fire)  formations.  ^^ 

120.  The  mountains  of  this  period  of  primitive  formation  were  not  of 
considerable  altitude,  nor  the  seas  of  any  great  depth.  The  localities  which 
had  become  dry  were  gradually  covered  with  plants,  and  perhaps  coeval  with 
these  animals  were  created.  Considering  the  thinness  of  the  earth's  crust 
at  that  period,  both  land  and  water  must  have  possessed  a  higher  temperature 
than  at  the  present  time,  and  hence  only  such  beings  were  created  as  were 
capable  of  existing  under  such  conditions.  Ferns,  polypi  (corals),  are  the 
essential  remains  of  the  first  living  creations  that  are  found  in  the  oldest 
strata,  then  formed. 

121.  It  is  uncertain  how  long  afler  this  first  revolution  the  earth's  crust 
remained  in  the  condition  then  acquired.  It  may  have  been  hundreds  or 
thousands  of  years.  The  thickness  of  the  strata  gradually  deposited,  and 
the  successive  generations  of  animals,  the  remains  of  which  lie  over  each 
other  in  the  later  formations,  afford  only  relative  indications  with  respect  to 
this  subject 

It  18,  however,  certain  that  the  first  revolution  was  not  the  only  one. 
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Although  the  ornst  of  the  earth  increased  in  thickness  by  its  continual 
cooling,  still  the  same  causes  have  effected  later  emptions,  the  essential 
phenomena  of  which  we  have  already  described.  The  tension  and  pressure 
of  the  vapours  must,  however^  have  become  much  greater  from  the  increased 
thickness  of  the  crust  that  confined  them,  and  consequently  the  now  compact 
strata  that  have  been  raised  to  a  much  greater  height,  and  the  quantity  of 
massive  rock  forced  up  through  the  openings  has  been  much  greater,  and 
piled  up  higher  than  on  their  first  formation. 

The  massive  rocks  of  the  earlier  formation  must  likewise  have  been  fre- 
quently pierced  by  those  of  the  subsequent  periods,  whereas  the  reverse  of 
course  could  not  take  place.  The  waters  destroyed  at  the  same  time  a  great 
part  of  these  rocks  and  deposited  them  again  in  strata,  while  the  vegetable 
and  animal  world  was  overwhelmed  in  the  ruins,  and  here  and  there  buried 
and  petrified.     (§  112.) 

122.  Thus  several  revolutions  followed  each  other  at  increasing  intervab 
of  time.  For  each  later  one  a  greater  lapse  of  time  was  required  in  proportion 
to  the  still  increasing  thickness  of  the  crust  of  the  earth,  before  new  figures, 
penetrating  into  the  interior,  could  give  access  to  water.  The  result  was, 
however,  ail  the  more  powerful,  and  the  displacement  of  the  strata  previously 
formed,  as  well  as  the  rising  masses  of  Plutonic  rocks,  were  so  much  the 
more  considerable.  /It  is  an  ascertained  fiict  that  the  highest  mountains  of 
the  earth,  the  Andes,  Cordilleras,  Alps,  &c.,  are  at  the  same  time  the  most 
recent,  that  is  to  say,  the  latest  which  have  been  upheaved./ 
y^l23.  Each  of  these  struggles  of  formation  was  terminatcKi  by  the  closing 
up  of  the  fissures  and  chasms  in  the  crust  of  the  earth,  partly  through  the 
continued  cooling  of  the  interior  maas,  partly  by  being  covered  by  aqueous 
deposits  on  the  outer  surface.  In  some  places  this  was  effected  perfectly,  in 
others  less  so,  and  probably  in  the  latter  a  new  eruption  was  occasioned  at  a 
later  period. 

But  even  with  the  termination  of  the  last  general  upheaval  not  all  the 
fissures,  leading  to  the  interior,  were  perfectly  closed,  in  isolated  localities 
where  these  chasms  happened  to  be  very  wide,  or  where  mighty  rocks  acci- 
dentally presented  gaps  between  their  parts,  these  openings  into  the  interior 
were  preserved  and  exist  up  to  the  present  day.  They  might  properly  be 
compared  to  the  shafts  of  our  chimneys  which  lead  from  the  exterior  of  a 
house  to  a  fire-place. 

Such  openings  in  the  earth  are  called  volcanos,  fig.  18.  Their  operations 
and  effects  are  pretty  well  known  and  easily  understood  from  the  previous 
statements.  If  their  shafts  were  empty  we  should  be  able  to  look  down 
them  to  the  glowing  bowels  of  the  earth ;  but  these  hollows  or  craters  are 
covered  with  cooled  and  hardened  masses  of  rocks  called  lava,  and  with 
other  volcanic  formations. 

From  time  to  time  the  waters,  in  a  manner  not  very  difficult  to  explain, 
find  access  to  the  interior  of  these  volcanos.  The  steam  suddenly  rises, 
bursts  open  large  fissures,  and  causes  earthquakes,  that  thus  convulse  a  large 
extent  of  country,  and  generally  precede  an  eruption.  For  the  increasing 
tension  of  the  steam  will  at  last  force  the  glowing  mass  upwards,  together 
with  its  solid  cover.  The  repeated  rising  and  fiilling  of  the  great  volumes 
of  steam,  their  partial  escape,  and  the  violent  commotion  and  vibrations  of 
great  masses  of  the  earth,  are  always  attended  with  terrific  noise^  which  may 
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be  compared  at  times  to  the  oontinued  rollings,  and  oocasionallj  to  the  angle 


18.    View  of  the  Cone  of  Cotopaxi. 

claps  of  thunder.     The  red-hot  and  liquid  mass  being  foroed  up  finally  to 
the  inouth  of  the  crater,  its  cover  is  immediately  burst  and  thrown  up 


10.    Crater  of  VesuTiuB  in  1829. 
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towards  the  heavens,  its  fragments  and  dust  being  scattered  in  the  air,  and 
carried  by  the  winds,  as  volcanic  ashes,  often  to  a  distance  of  many  miles, 
fig.  19.  The  glowing  mass  or  stream  of  lava  overflows  unimpeded  the 
margin  of  the  crater,  fig.  20,  and  in  its  progress  down  the  sides  of  the 
moantain  destroys  irresistibly  every  thing  it  meets. 


20.  Stream  of  Lava  from  Vesavius  in  April  1822. 

This  terrific  revolution  of  Nature  possesses,  however,  at  the  same  time, 
the  conditions  of  its  termination.  The  steam  having  escaped,  the  calm  in 
the  interior  is  restored,  and  the  ejected  lava-stream  flows  slower  outside  the 
mountain;  finally  the  progress  of  the  stream  is  interrupted,  and  the  lava 
begins  to  harden,  while  the  interior  mass  sinks  down  again  to  its  original 
level.  Only  steam,  sulphurous  vapours,  &c.,  still  escape  from  the  crater, 
and  hot  fountains  spring  forth  in  its  neighbourhood,  indicating  that  all  below 
is  still  glowing.  A.  von  Humboldt  truly  designates  volcanos  as  the  safety- 
valves  of  the  earth's  crust. 


124.  The  environs  of  volcanos  are  covered  with  older  and  more  recent 
streams  of  lava,  which  by  decomposition  yield  a  most  productive  soil,  and 
hence  a  most  luxuriant  vegetation  surrounds  the  bases  of  all  volcanoes.  In 
spite  of  the  dangerous  proximity,  several  villages  have  been  built  near  Mount 
Vesuvius  within  the  reach  of  its  destructive  activity.  Moreover,  in  the 
neighbourhood  of  volcanos  minerals  are  now  in  daily  progress  of  formation, 
either  crystallising  from  the  glowing  mass,  or  being  formed  by  the  decom- 
posing influence  of  the  rising  acid  vapours  upon  other  rocks.  Hence  in  these 
localities  a  large  number  of  minerals  is  to  be  found. 
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In  course  of  time,  however,  all  yolcanos  seem  to  become  extinct,  as  is  the 
case  already  with  many.  Thns,  for  instance,  the  so-called  Eifel,  between 
the  river  Aar  and  Treves,  consists  of  a  group  of  volcanic  elevations.  Lake 
Laacher,  near  Andemaoh,  is  the  crater  of  an  extinct  volcano,  filled  with 
water,  the  whole  surrounding  country  bearing  characteristic  evidence  of  vol- 
canic origin. 

The  external  form  of  volcanos  is  very  peculiar,  and  generally  conical 
They  are,  in  feet,  gigantic  air  or  steam  vesicles,  which  have  been  upheaved 
from  below,  and  finally  elongated  to  an  apex,  at  the  termination  of  which 
the  steam  and  gas  broke  through.  But  such  a  disruption  has  not  taken 
place  in  every  case.  Wo  find  a  great  many  conical  mountains  that  never 
were  active  volcanos :  in  these  cases  the  force  actine  from  below  was  not 
sufficiently  powerful  to  pierce  through  the  crust;  Uie  glowing  mass  was 
hardened  inside  without  even  reaching  the  surface.  Indeed,  we  frequently 
find  in  the  centre  of  such  conical  elevations,  consisting  of  stratified  rocks,  a 
mass  of  Plutonic  rock,  particularly  basalt. 

125.  In  Europe  there  are  no  active  volcanos  of  importance,  with  the 
exception  of  Mount  Vesuvius,  Etna,  and  Stromboli,  in  Italy,  and  of  thoee 
in  Iceland,  among  which  Mount  Hecla  is  the  most  celebrated.  The  erup- 
tions of  the  above-named  volcanos  following  each  other  at  continually  greater 
intervals  of  time,  though  still  formidable  to  the  nearest  neighbourhood,  do 
not  now  extend  over  any  considerable  extent  of  country.  History,  however, 
records  several  instances  of  terrible  volcanic  disturbances,  which  prored 
destructive  to  entire  districts,  and  even  to  whole  countries.  Thus  in  the 
year  a.  d.  79  the  flourishing  and  rich  cities  of  Herculaneum  and  Pompeii 
were  buried  beneath  volcanic  ashes.  Lisbon  was  destroyed  by  an  earthquake 
in  the  year  1755,  and  even  at  more  recent  dates  formidable  destruction  by 
earthquakes  has  taken  place  in  South  America.  In  that  part  of  the  world 
entire  groups  of  volcanos  are  found  still  active,  from  the  position  of  which 
L.  von  Buch  points  out,  that  they  stand  on  the  fissures  of  former  disrup- 
tions of  the  earth's  crust,  and  have  interior  connection  with  each  other.  The 
most  celebrated  volcanos  of  South  America  are — the  JoruUo,  which  arose  in 
1758,  and  the  Cotopaxi,  of  the  chain  of  Andes.  The  latter  volcano,  which 
is  17,662  feet  in  height,  now  and  then  sends  forth  great  masses  of  mud  and 
quantities  of  fish,  thus  proving  in  a  remarkable  and  convincing  manner  its 
internal  connection  with  the  waters,    x' 

126.  Hitherto  we  have  directed  attention  only  to  one  of  the  phenomena 
that  appeared  during  the  early  revolutions  of  the  earth,  namely,  its  volcanic 
disturbances. 

Let  us  now  return  to  other  phenomena,  and  consider  the  development  of 
animal  and  vegetable  life.  It  is  clear  that  organic  growth  could  proceed  in 
a  proportionately  larger  scale,  the  longer  the  periods  were  that  elapsed 
between  the  succeeding  disturbances.  Plants  and  animals  made  their  appear- 
ance not  only  more  plentifully  but  also  in  greater  variety.  Palms  and  coni- 
ferous plants  appear  in  addition  to  ferns  and  equiseta,  and  batrachians  and 
other  amphibious  animals,  in  addition  to  fishes.  Intermingled  with  those 
the  Crustacea  appeared  in  immense  numbers.  Thus  the  more  perfect  crea- 
tures followed  in  proper  order  upon  the  imperfect^  since  the  existence  of  the 
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latter  formed  the.indispeDflable  condition  of  that  of  the  former.  A  certain 
change  likewise  took  place  with  regard  to  the  formation  of  rocks.  The 
deposition  of  the  insoluble  and  difficoltlj-fusible  combination  of  silica  and 
alumina  in  the  primitive  rocks  was  followed  bj  the  gradual  deposition, 
amongst  the  mediaeval  rocks,  of  beds  of  limestone,  gypsum,  rock-salt,  and 
of  coaJ,  the  remains  of  the  destroyed  vegetable  kingdom  of  earlier  ages. 

127.  Consequently,  it  is  natural  that,  in  penetrating  the  crust  of  the 
earth,  we  should  meet  with  a  series  of  strata  differing  in  character  according 
to  the  period  at  which  they  were  individually  formed,  and  as  in  all  essential 
points  the  same  phenomena  had  occurred  over  the  whole  surface  of  the 
earth,  it  follows  that  the  coeval  formations  of  its  crust  must  be  everywhere 
equal  or  similar.  Experience  has,  on  the  whole,  confirmed  this  inference, 
though,  in  some  instances,  the  proof  is  often  difficult  and  sometimes  impos- 
sible to  obtain*  Thus,  everywhere,  slaty  rocks  form  the  lowest  or  oldest 
strata :  nevertheless,  many  deviations  exist.  In  many  localities  entire  sys- 
tems or  series  of  rocky  masses,  which  we  find  at  other  places,  are  wanting : 
however,  this  is  after  all  but  a  local  deficiency,  and,  therefore,  of  minor 
importance.  We  shall  see  that  water  was  frequently  the  cause  of  the 
destruction  of  such  systems  in  some  localities,  while  they  were  preserved  in 
others. 


Classifioation  of  Formations. 

128.  The  term  formation  in  Geology  is  applied  to  any  portions  of  the 
earth's  crust,  of  lesser  or  greater  thickness,  which  arose  under  the  same  con- 
temporary influence.  Formations,  which,  in  consequence  of  their  close 
proximity,  stand  in  mutual  relation  to  each  other,  are  considered  by  the 
geologist  as  connected  groups ;  the  separate  layers  constituting  a  formation 
are  cdled  its  memberB.  , 

129.  The  coeval  formations  of  the  various  Neptunic  and  Plutonic  rocks, 
cannot  be  easily  ascertained,  on  account  of  their  different  external  and  internal 
condition,  although  a  subsequent  aqueous  formation  must  correspond  with  a 
preceding  igneous  formation.  Greenstone  and  porphyry  which  have  broken 
through  granite  are  certainly  of  later  production  than  granite,  as  greywacke 
and  coal  that  overlie  the  slaty  rocks  are  newer  than  those  rocks. 

It  would,  perhaps,  be  most  conformable  to  our  purpose  to  designate  the 
different  periods  of  formation  by  those  Plutonic  rocks,  which  were  then 
produced,  and  thus  to  classify  the  total  construction  of  the  earth's  crust 
into  the  periods  of  the  elevation  of  granite,  of  greenstone,  of  porphyry, 
of  melaphyr,  of  basalt  and  pf  volcanos,  and  treating,  intermediately,  of  the 
aqueous  formations  as  they  were  slowly  and  successively  deposited.  In  all 
geological  systems,  however,  the  terms  have  been  chosen  from  the  stratified 
rocks,  partly  because  the  latter  were  first  examined  scientifically,  partly 
because  the  Plutonic  rocks  are  not  everywhere  defined  with  desirable  cer- 
tainty. 
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130.  In  the  following  Table  we  meet  with  peculiar  terms,  some  of  which 
are  merely  accidental,  without  particular  meaning,  while  Others  indicate  an 
essential  member  of  the  group,  as,  for  instance,  the  names — marl,  red  sand- 
stone (new  and  old),  lias,  fossiliferous  limestone  (muschelkalk),  &c. 


21.  niustratioii  of  the  Arrangement  of  the  various  Groups  of  Rocks. 


I 
•Si 


Quaternary  Rocks ...  j  ^-  ^?,^^^^"^  }  Deposits. 

Tertiary 8.  Molasse  (comp.  {  142). 

(7.  Chalk. 
6.  Jura. 
6.  Trias. 
4.  Zechstein.    . 
8.  Coal. 

Transition  Rocks 2.  Greywacke. 

Primitiye  Rocks 1.  Slate. 

Interior  Mass  of  the  Earth. 


'A.  Granite. 
B.  Greenstone. 
§  J  C.  Porphyry. 

D.  Basalt 

E.  Volcanic  Rocki^ 


I 


M.  The  Sea. 

0.  Mineral  Veina. 
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Ststematio  Ab&anoemsmt  of  the  Fo&matioms  (beginning  with  the  oldest). 


1 

AqneoQs  Formations 
(Xeptonie,  Noroal  or  Stratified  Formation;  Stratifled  Roeka). 

Igneous  Formationii 

(Platonic  or  Volcanic,  Abnormal 

Formation;  Masrlre  Uocka). 

Oroaps. 

Formationa. 

Clafliea. 

Oroaps. 

Most  important 

Kocks  of  these 

Groups. 

I. 

Slate-Group. 

aay-Slate,  Mica- 
slate,  Gneiss. 

1. 

Primitive  or 

Metamorphio 

Rocks. 

A. 

Granite- 
Group. 

•Granite, 
Granulite, 
Syenite. 

IL 

Silurian-Group. 

Upper  and  Lower 
Greywttcke. 

2. 

Transition  or 

Palaeozoic 

Rocks. 

p. 

Greenstone- 
Group. 

Greenstone, 
Serpentine. 

ni. 

Carboniferous 
Group. 

Old  Red  Sand- 
stone, Coal-beds, 
Mountain-Lime- 
stone, Coal  Sand- 
stone. 

IV. 
Permian-Group. 

Magnesian  Lime- 
stone, or 
Zechstein. 

8. 

Secondary  or 

Mesozoic  Rocks. 

C. 
Porphyry- 
Group. 

Felsite-por- 

phyry, 
Pitchstone- 
porphyry, 
Melapbyr. 

V. 
Triaa-Group. 

Keuper,  Muschel- 
kalk,  Variegated 
Sandstone. 

VL 

Oolitic,  or 
Jnraasio-Group. 

Lower  Oolite, 
Middle  OoUte, 
Upper  Oolite, 
Lias. 

D. 

Basalt-Group. 

Basalt, 

Phonolite, 

Trachyte. 

VII. 
Chalk-Group. 

Wealden, 

Green  Sand, 

Chalk. 

VIII. 
Molasse-Group. 

Eocene, 
Meiocene, 
Pleiocene. 

4. 
Tertiary,  Supra- 
cretaceous,  or 
Cainozoic  Rocks. 

E. 

Volcanic 
Group. 

Lava, 
Scoria, 
Volcanic  Mud. 

IX. 

Diluvial  and 
AlluYial  Groups. 

AlluTiiun, 
NewerPleitocene, 
Older  Pleitocene, 
DiluYium  or  Drift. 

5. 

Quaternary 
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¥ig.  22  will  afibrd  a  general  idea  of  the  eonfigoration  and  arrangement 
of  the  variooB  species  of  rocks  and  veins. 


1.  Granite. 

2.  Oneias. 

8.  Mica-slate, 

4.  SjeDite. 

5.  Serpentine. 

6.  Porphyry. 

7.  Granalar  Marble. 

8.  Chlorite  Slate. 

9.  Quartz  Rock. 

10.  Greywaoke. 

11.  Sandstone. 

12.  Limestone. 


18.  Shale. 

14.  CalcareoQS  Sandstone. 

15.  Ironstone. 

16.  Basalt 

17.  Coal. 

18.  Gypsum. 

19.  Rock  Salt 

20.  Chalk. 

21.  Amygdaloid. 

A  A.  Primary  Mountains. 

B  B.  Secondary  Mountains. 

a  a.  Veins. 


131.  In  the  study  of  the  stratified  rocks  the  only  correct  method  will  be 
to  proceed  from  the  oldest  to  the  most  recent  formation :  firsts  because  this 
method  corresponds  with  the  progress  of  the  development  of  the  earth  and 
of  its  products;  and,  secondlv,  because  the  description  of  later  conglome- 
rates, if  they  contain  displaced  fragments  of  older  stratified  rocks,  previously 
nndescribed,  could  not  be  rendered  perfectly  clear.  By  inverting  the  pro- 
gress ftrom  the  more  recent  to  the  older  groups,  the  former  would  appear  as 
a  suspended  in  the  air,  because  the  supporting  strata,  on  which  they  are 
resting,  would  not  be  known. 

A.  — AQUEOUS  FORMATIONS. 

Neptunio,  Normal,  or  Stratified  Formations. 

IsT  Gaoup— SLATES. 

Primitive  or  Metamorphic  Rocks. 

132.  The  slate-group  has  been  entered  in  the  table  of  classification  §  130 
amongst  the  aqueous  formations,  although,  from  the  way  in  which  it  origi- 
nated, we  ought  perhaps  to  class  it  amongst  the  igneous  formations.  [Rocks 
of  this  group  appear  to  have  been  originally  deposited  from  water,  and  to 
have  been  subsequently  altered  by  the  combined  action  of  heat,  pressure, 
and  other  causes.  Hence  they  are  called  altered  or  metamorphic  rocks.] 
We  class  the  slates  among  the  stratified  rocks  because  they  were  designated 
in  §  115  as  the  first  compact  layer  or  crust  of  the  once  entirely  fluid  globe, 
which  was  however  soon  broken  through  by  granite.  Hence  the  slate  rocks 
ought  to  be  met  with  everywhere,  if  immense  bodies  of  the  stratified  forma- 
tions had  not  covered  them  in.  They  are  however  distributed  over  the 
whole  surface  of  the  earth,  and  constitute  the  principal  part  of  a  great  num- 
ber of  mountains. 

Other  massive  rocks  frequently  penetrate  through  this  slate-group,  espe- 
cially greenstone,  porphyry,  and  granite.  They  contain,  not  unfrequently, 
veins  of  ore. 

The  four  principal  kinds  of  this  group  are  clay-slate,  mica-slate,  [crystal- 
line marble,]  and  gneiss. 

Clay-slate  (§  84},  of  which  the  common  roofing  and  writing  slate  is  the 
purest  form,  occurs  in  great  variety.  It  is  not  so  rich  in  mineral  veins,  and 
18  less  generally  distributed  than  the  other  kinds.     Great  masses  of  it  occur 
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in  Wales,  in  Camberland,  about  Loch  Lomond  in  Scotland,  and  in  many 
parts  of  Germany.  [It  is  usually  dark-coloured;  but  varies  from  a  greenish 
or  bluish-grey  to  a  lead  colour.] 

133.  Mica-slate  (§  85)  is  very  important  from  the  mighty  masses  which 
exist  of  it.     This  rock  forms  large  mountains  with  projecting  ridges  or 
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28.  Mountains  of  Mioa-slate  and  Granite,  Glen  Sonnoz,  Island  of  Arran. 

craggy  tops  and  precipitous  ravines.  A  great  part  of  the  Sm'ss  and  Tyrol 
Alps  consists  of  this  rock,  which  is  moreover  the  prevailing  constituent  of 
the  Sudets,  the  Riesen-,  Erze-^  and  FiditclrGehxrge,     It  is  very  abundant 
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Contorted  Mica-slate,  Island  of  Arran. 


in  Scotland,  in  the  mountains  that  extend  from  Argyleshire  up  towards 
Aberdeen.    In  the  neighbourhood  of  the  places  where  granite  and  porphyry 
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break  through  it,  it  oontuns  rich  veias  of  ore,  which  lead  to  important 
mining  operations. 

[  Crystalline  marbhy  which  was  originally  coral,  chalk  or  tuff,  has  been 
crystallized  by  the  action  of  heat  under  enormous  pressure.  When  pure,  it 
constitutes  the  white  granular  marble  used  in  sculpture.] 

Gneiss,  which  holds  an  intermediate  position  between  mica-slate  and 
granite,  occurs  in  a  great  variety  of  forms,  and  is  rich  in  mineral  veins, 
particularly  where  it  is  penetrated  by  porphyry.  This  rock  forms  entire 
mountains  in  many  parts  of  the  continent  of  Europe,  especially  in  the 
alpine  districts,  where  it  is  commonly  associated  with  granite ;  [with  which 
it  is  identical  in  composition,  but  differs  from  it  in  being  stratified.]  It  is 
also  abundant  in  Scotland.  [Vermont,  the  western  parts  of  Massachusetts, 
and  Connecticut  famish  interesting  examples  of  metamorphic  rocks :  and 
the  strata  of  the  All^heny  mountains  have  been  extensively  altered  by  the 
action  of  the  same  metamorphic  causes. 

The  amount  of  change  exhibited  by  the  rocks  of  this  group  differs  exceed- 
ingly in  degree.  Some  are  but  slightly  crystalline ;  and  their  fossils,  though 
indistinct,  are  not  obliterated.  0£ers  have  lost  nearly  all  traces  of  their 
sedimentary  origin,  and  their  fossils  are  mostly  obliterated.  Others  again 
are  wholly  crystalline  in  their  structure,  and  entirely  destitute  of  organic 
remains.] 

2md  Group— GREYWACKE. 

Transition  or  Silurian  Rocks. 

134.  The  term  trantataon  rocks,  applied  to  this  group,  shows,  that  we 
have  arrived  at  the  confines  of  the  decidedly-stratified  formations.  These 
rocks  exhibit,  in  fact,  the  character  of  the  first  crust  of  the  earth,  which  we 
Imve,  in  §  118,  designated  as  primitive  rocks. 
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[The  name  of  Silurian  fns  first  proposed  bj  Sir  Bbderiok  MnrchiiBODy 
from  the  name  of  the  place  where  it  was  first  successfully  iDvestigated,  i, «., 
that  part  of  Wales  and  some  contiguous  counties  of  England  which  once 
constituted  the  kingdom  of  the  JSilureSf  a  tribe  of  ancient  Britons.] 

The  most  important  members  of  this  group  are  greywacke-date  and  grty^ 
fo<icke-9and^Unie,  which  are  associated,  particularly  in  the  upper  parts,  with 
masses  of  limestone  and  dolomite.  The  name  of  this  group  is  derived  from 
a  species  of  finely*grained  sandstone,  of  grey  colour,  detached  and  compact 
pieces  of  which  lying  about  on  the  fields  are  called  *<  Wacken.'' 


Greywacke  has  been  found  distributed  in  large  masses  through  various 
parts  of  Europe,  especially  in  the  interior  of  Bohemia  and  in  the  Tyrolese 
Alps.  It  occurs  likewise  in  several  other  quarters  of  the  globe.  It  is  abun- 
dant in  the  south  of  Scotland  at  Leadhills.  The  valleys  of  the  greywacke- 
group  are  mostly  very  winding,  as,  for  instance,  that  of  the  Mosel  and  of 
the  Aar. 
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The  greywacke^iUUa  oonstitute  a  part  of  the  slaty  tnonntaiDs  of  the  Rhine, 
and  form,  in  some  places,  a  traDsition  into  common  slate,  fit  for  roofing.  This 
formation  contains,  especially  in  England,  Anthracite  (§  30),  a  coal  that 
takes  fire  with  dijfficnlty,  and  possesses  a  perfect  mineral  appearance. 

Fossils  are  fonnd  abundantly  in  the  npper  members  of  this  group,  while 
the  lower  contain  but  few.  They  are  chiefly  Polypi,  Mollusca,  and  the  so- 
called  Trihbitesy  t.  e.,  extinct  Crustacea  of  the  isapodous  and  decapodous 
£unilie8. ,  [The  crinoideans  and  corals  (figs.  25  and  26)  were  well  repre- 
sented. The  family  of  Trilbbites  (figs.  27—33)  was  more  fully  represented 
in  this  than  in  any  other  period.]  Fishes  and  plants  appear  here  more  rarely. 
[All  the  yertebrated  animals  except  fishes  are  wanting.] 

8ed  Group— COAl  FORMATION. 

185.  We  have  now  t6  consider  one  of  the  most  important  of  the  various 
formations,  namely,  that  which  includes  coal  as  its  essential  member,  a  mine- 
ral which  as  fuel  has  become  indispensable  to  man  for  domestic  and  indus- 
trial purposes.  This  group  begins  with  a  coarse  conglomerate,  consistinff  of 
the  fragments  of  older  rocks,  and  never  containing  basalt,  limestone,  or  Amis, 
and  which,  on  account  of  its  peculiar  colour,  is  called  Old  Red  Sandstone, 
This  attains  to  the  thickness  of  even  3000  feet,  and  occurs  sometimes  on  the 
flanks  of  high  mountains,  and  sometimes  ponstituting  by  itself  mountainous 
masses,  as  in  the  Thuringian  forest  and  the  Hartz  mountains.  Very  few 
impressions  of  plants  are  found  in  this  rock. 

Upon  this  old  red  sandstone  follows  the  coal  formattan  properly  speaking. 
It  consists  of  beds  of  coal  from  a  few  inches  to  20  feet  (and  rarely  more  than 
40  feet)  in  thickness,  and  between  which  there  is  frequently  interposed  a 
peculiar  sandstone  (coal  sandstone,  new  red  sandstone),  and  a  dark  coloured 
date-clay  (coal  schiefer).  In  this  order  from  8  to  120  beds  of  coal  frequently 
overlie  each  other,  of  which  however  only 
the  few  thicker  ones  repay  the  trouble  of 
working.  Beneath  the  coal  liesr  the  gra/voacke 
of  the  preceding  group.  The  sandstone  is  ex- 
ceedingly diversified,  and  often  of  fine  quality, 
and  well  adapted  for  building  purposes. 

The  outcropping  of  the  coal  formation  at 
the  surface  of  the  earth  seems,  in  some  meii- 
sure,  to  depend  upon  the  rising  of  the  moun- 
tains ;  for,  in  extensive  plains,  it  is  generally 
not  discovered,  or,  in  such  localities,  the  beds 
are  too  far  below  the  surface  to  be  discoverable 
or  even  to  be  reached  by  boring. 

Coal  seems  likewise  not  to  have  been  formed 
equally  in  all  places  during  the  period  in 
which  it  originated.  The  remains  of  plants, 
[of  which  about  1000  species  have  been  de- 
scribed, being  more  than  half  of  the  entire 
number  occurring  in  the  fossil  state],  found 
in  this  stratum  lead  to  the  inference,  that, 
during  that  period  there  existed  an  exceed- 
ingly vigorous  and  crowded  vegetation,  prin- 
cipally confined  to  equisetacese  and  ferns,  of 
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which  the  Sphenopterts  Hihherti  (fig.  34),  PecopterU  Bucklandi  (fig.  35) 
and  NeuropterU  Loshit  (fig.  36),  are  amongst  the  most  beantifal  that  have 
yet  been  discovered.  [Not  less  than  250  species  of  ferns  have  been  already 
obtained  from  the  coal  strata ;  a  somewhat  singular  result,  because  the  whole 
of  Europe  affords  at  present  no  more  than  50  indigenous  species.]  These  re- 
markable plants  must  have  presented  an  aspect  essentially  different  from  thaf 


of  our  present  forests.  Most  likely,  however,  such  coverings  of  vegetation 
were  not  everywhere  equally  crowded  together  to  give  rise  by  their  destruc- 
tion to  beds  of  coal.  Hence  it  is  very  possible,  nay,  even  probable,  that,  in 
some  localities,  the  other  members  of  this  group  may  be  found  in  succession 
without  any  beds  of  coal  between  them. 

[Fig.  37  represents  the  Fauna  and  Flora  of  the  Carboniferous  period]. 


87. 


It  has  been  generally  observed,  that  the  beds  of  coal  are  partially  sur- 
rounded by  hills  as  in  a  sort  of  trough,  similar  to  the  position  of  the  molasse 
(§  142),  from  which  it  would  appear,  as  if  those  forests  of  vegetation  were 
particularly  developed  only  within  these  mountain  gorges,  and  could  only 
have  formed  considerable  deposits  of  coal  lit  those  pla^.     The  preceding 
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staiementfl  afford  indicatioDs  to  guide  us  in  searching  for  coal  wherever  we 
may  suspect  its  presence.  If  the  part  of  the  country  be  composed  of  primi- 
tiTe  mountains  or  of  Plutonic  rocks,  which  we  have  designated  in  fig.  21 
under  letters  A  to  E,  we  may,  with  certainty,  conclude  on  the  absence  of 
coal.  K  stratified  formations  of 'great  thickness  be  present,  it  is  not  likely 
that  we  shall  find  coal  at  an  accessible  depth ;  such  is  more  probable,  how- 
ever, where  the  aqueous  formations,  bordering  upon  the  massive  rocks,  have 
been  elevated  and  uplifted  by  these,  in  such  a  manner  that  the  lower  strata 
approach  the  surface  or  even  become  exposed  to  our  view. 

Our  search  after  coal  is  particularly  encouraged  by  the  presence  of  red 
sandstone  and  grey-wacke,  because  these  formations  generally  border  on  beds 
of  coal.  If,  moreover,  the  surrounding  hills  of  massive  rock  should  form  a 
basin,  the  hope  of  finding  coal  is  all  the  more  well  founded,  and  repeated 
boring  should  be  resorted  to. 

136.  The  ooal-beds  of  Oermany  are  not  very  numerous,  nor  is  the  coal  of 
the  best  quality.  It  is  in  Great  Britain  that  the  best  coal  is  most  abun- 
dantly found,  particularly  in  the  neighbourhood  of  Newcastle-on-Tyne,  in 
Staffordshire,  and  in  Lanarkshire.  Coal  is  also  met  with  in  Belgium  and 
the  neighbouring  parts  of  France,  and  at  Dombrowa,  in  Poland.  The  mem- 
bers of  the  coal-group  have  been  found  generally  spread  over  America,  Asia, 
and  even  Australia.  In  South  America  coal  was  discovered  by  Humboldt 
at  a  height  of  8,000  feet  above  the  level  of  the  sea.  The  total  amount  of 
coal  raised  annually  in  Europe  exceeds  700  millions  of  cwts.,  of  which 
England  alone  contributes  about  450,  and  Oermany  about  40  millions. 
[There  is  a  rich  bituminous  coal-field  in  Nova  Scotia  and  a  small  anthracite 
coal-field  in  the  eastern  part  of  Massachusetts;  but  the  largest  explored 
coal-field  in  the  world  has  its  north-east  extremity  west  of  the  Delaware  River, 
in  New  York,  and  extends  through  Pennsylvania  into  Ohio  westward,  and 
to  Alabama  on  the  south-west.  It  covers  more  than  100,000  square  miles, 
and  contains  more  than  one  million  of  million  tons  of  bituminous  coal.  A 
much  less  extensive  but  rich  field  of  anthracite  coal  lies  in  the  eastern  part 
of  Pennsylvania,  west  of  the  Delaware  River.  The  central  region  of 
Michigan  constitutes  another  large  coal-field.  Another  covers  most  of 
Illinois,  the  south-west  part  of  Indiana,  and  the  adjacent  part  of  Kentucky. 
The  carboniferous  system  is  found  in  Vancouver's  Island  and  in  New 
Mexico;  and  in  South  America,  in  Chili.] 

The  mountain  limestone,  which  accompanies  the  coal  formation,  is  a  min- 
eral of  considerable  importance.  It  usually  includes  extensive  metallic 
deposits.  This  is  the  case  in  Belgium,  in  Derbyshire,  and  in  Scotland. 
Near  Glasgow,  it  is  accompanied  not  only  by  coal,  but  by  immense  masses 
of  clay  ironstone,  and  in  the  smelting  of  iron  from  that  ore,  the  carbonif- 
erous limestone  is  used  as  a  flux.  It  forms  very  beautiful  dark-coloured 
marbles  which  admit  of  a  fine  polish.  Organic  remains  are  very  abundant 
in  it,  of  which  figures  38-42  may  be  cited  as  characteristic  specimens. 

[Among  the  vegetation  of  the  carboniferous  era,  may  be  mentioned 
Sigillaria  (figs.  43  and  44)  and  Stigroaria,  which  were  once  supposed  to  be 
distinct  plants.  But  it  is  now  established  that  the  former  is  the  stem  and 
the  latter  the  root  of  a  large  tree.  The  roots  are  found  abundantly  in  a 
deposit  of  clay,  which  invariably  underlies  the  coal,  and  is  therefore  called 
Widerday,     The  trunks  are  generally  in  a  horizontal  position,  but  they  are 
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88.  Bellerophon  hiolous. 


89.  Prodaotofl  MartmL 


40.  Spirifera  trigonalis. 


41.  Spirifera  attenuAtis. 


42.  Orthooeras 
undatam. 


occasionally  found  erect,  as  was  exhibited  (fig.  44)  in  the  Killingworth  Col- 
liery, Newcastle  district.  Not  less  than  150  species  of  fishes  of  this  period 
have  been  preserved ;  and  a  majority  of  these  (94  species)  belonged  to  the 
fiuBilies  of  the  shark  and  ray.     Some  of  these  fish  are  very  remote  in  their 
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organization  firom  any  now  liviDg,  especially  those  of  the  family  called 
WLuroid  by  Agassis  ]  as  MegalxchthyBj  HoloptychiuSj  and  others,  which  are 
often  of  great  siie,  and  all  predaceous.  These  were  doabtless  more  highly 
organized  than  any  living  fish.] 

4th  Oaonp->Z£CHSTEIN,  oa  Permian  System. 

137.  Of  all  the  formations  constitoAinff  the  crast  of  the  earth,  that  of 
the  Magnesian  limestone  or  Zechstein  has  been  found  up  to  the  present  time 
the  least  distributed.  [Sir  Roderick  Murchison  has  proposed  for  it  the 
name  of  Permian^  from  Perm,  a  Russian  government,  where  these  strata 
are  more  extensively  developed  than  elsewhere,  occupying  an  area  twice  the 
size  of  France,  and  containing  an  abundant  and  varied  series  of  fossils.  It 
is  also  well  developed  in  England  and  France;  but  it  is  in  Oermany  especially 
that  it  appears  with  many  well-marked  subdivisions.]  In  the  north-east  of 
the  latter  country,  and  especially  in  the  county  of  Mansfield,  in  Saxony, 
between  the  sandstone  of  the  preceding  group  and  the  conglomerate  of  the 
following,  there  lies,  sharply  separated,  this  group,  the  most  essential  member 
of  which  is  a  dark  bituminous  marl-slate  rich  in  copper  ores,  whence  it  has 
obtained  the  name  of  Copper- Slate,  *  This  is  worked  in  many  mines.  The 
Zechstein-group  contains  but  few  species  of  fossils ;  but  these  few  occur  in 
great  quantities.  ^The  species  of  fossil  plants  are  not  numerous,  and  most 
of  them  are  identified  with  those  of  the  carboniferous  group.  Of  fossil 
animals,  166  species  are  known,  being  chiefly  corals,  shelb  and  fish.  The 
trilobites  have  disappeared.] 

The  upper  members  of  the  Zechstein  formation  occasionally  contain 
gypsum,  which  occurs  in  some  localities  in  considerable  masses,  as,  for 
instance,  on  the  south  of  the  Hartz  mountains.  It  is  often  also  accompanied 
by  rocb^alt :  the  salt-works  of  Northern  Germany  depend,  therefore,  upon 
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tbe  produoe  of  the  Zeobstein  formatioD.  In  tbe  neighbourhood  of  Eidebeii 
and  Eisenach  many  caTerns  are  found  within  the  gypsum  beds,  which 
probably  arose  from  the  previous  exbtence  of  rock-salt  in  them,  which,  in 
course  of  time,  was  removed  by  the  action  of  water. 

6th  Oboup — TRIAS,  oa  Niw  Rid-Saitdstons. 

138.  The  name  of  this  ^up  is  derived  from  its  consisting  of  three  mem- 
bers. They  occur  in  Thunngia  and  Swabia ;  the  entire  Black  Forest  beloogi 
to  it,  as  do  the  opposite  Vosges  Mountains,  between  which  the  Rhine  bis 
excavated  its  gigantic  bed.  [In  England,  it  is  principally  developed  in  the 
valleys  of  the  Dee,  Mersey  and  Weaver.  In  the  United  States,  it  extendi 
from  Vermont,  in  the  valley  of  the  Connecticut  River,  through  Massachoaetto 
and  Connecticut,  and  from  New  Jersey  to  North  and  South  Carolina.] 

Gypsum  abd  Rock-salt  are  characteristic  of  this  group,  the  upper  member 
of  which,  called  Keupevy  contains  them  in  great  abundance.  Thus  in  Wir- 
temberg  all  the  salt-works  are  supplied  from  this  member,  as  likewise  are 
those  of  Halle,  Fredericshall,  Diirrheim,  Wimpfen,  &c. 

Another  member  of  this  group  is  MuscheUcalk^  or  shell-limestone,  thuB 
called  from  the  great  quantities  of  the  shells  it  contains  in  separate  lajen. 
[This  member  is  wanting  in  England.] 

Tbe  lowest  and  most  abundant  member  of  this  group  is  the  Variegakd 
Sandstone,  which  is  of  a  red,  yellow,  and  white  colour,  and  is  very  abnn- 
dantly  distributed  over  the  continent  of  Europe.  [It  was  from  this  member 
that  Dr.  Buckland  proposed  the  name  of  <<  Poikilitio"  or  variegated^  for  the 
whole  group.]  The  thickness  of  its  beds  varies  from  400  to  600  feet,  and 
occasionally  reaches  to  1,000  feet. 

The  decrease  of  fossils  in  the  trias-group  is  very  remarkable.    The  keeper 


47. 


.  '••ttiUftiitaiiiitttAhKi^ 


48. 


TRIAS. 


893 


and  the  variegated  sandstoQe  are  especially  poor  in  these  remains.  They 
are  numeroas  in  fossiliferous  lime  (muschelkalk),  bnt  less  rich  in  the  number 
of  species  than  in  Jura.  Bivalve  shells  predominate,  and  the  ammonites 
and  belemnites,  so  frequent  in  the  latter,  are  here  entirely  wanting.  We 
must  mention,  however,  the  ceratites  [a  genus  allied  to  the  ammonites],  as 
belonging  exclusively  to  muschelkalk.  [Fig.  46  represents  the  Ceratites 
nodo9u$,  Aricvla  tocudis,  fig.  47,  which  ranges  through  the  keuper,  Mus- 
chelkalk and  variegated  sandstone,  is  very  characteristic  of  the  Muschelkalk 
in  Germany,  France  and  Poland.  The  abundance  of  the  heads  and  stems 
of  lily  encrinites  (^Encrinttes  moniliformis,  fig.  48)  dhows  the  slow  manner 
in  which  some  beds  of  this  limestone  have  been  formed  in  clear  sea-water. 
The  lily  encrinite  was  remarkable  for  the  elegance  and  symmetry  of  its  form 
and  for  its  complicated  skeleton,  which  consisted  of  not  less  than  twenty-six 
thousand  pieces.  The  body  was  supported  on  a  slender  stem,  of  which  a 
drawing  on  a  larger  scale  is  seen  in  fig.  49,  and  which  was  attached  at  the 
base  to  some  hard  substance  in  the  sea.]  Of  fossil  plants  we  find  ferns,  and 
the  various  species  of  equisetacesd,  in  all  the  members  of  this  group,  down 
to  the  variegated  sandstone.  Remains  of  fish  and  amphibious  animals  are 
rarely  met  with. 

In  certain  layers  of  the  variegated  sandstone  there  have  been  discovered 
hardened  footprints,  of  which  it  is  doubtful  whether  they  belong  to  mam- 
malia, to  birds,  or  to  amphibious  animals,  which  latter  is  the  most  probable. 
At  Hessberg,  near  Hildberghausen,  in  Saxony,  unmistakable  impressions 
of  the  feet  of  quadrupeds  have  been  discovered  in  the  grey  sandstone  of 
that  neighbourhood.     (See  fig.  50.)     [From  the  resemblance  of  these  foot- 


prints to  the  form  of  the  human  hand,  the  animal  by  which  they  were  im- 
pressed has  been  called  Cheirotherium  or  Handbeast;  but  they  are  now 
generally  assigned  to  the  Labyrinthodon,  an  animal  whose  bones  are  found 
in  the  same  series  of  deposits.  Professor  Hitchcock  has  discovered,  in  the 
sandstone  of  the  Connecticut  valley,  footprints  of  abont  50  species  of  ani- 
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mals;  of  which  12  were  quadrapeds,  and  82  bipeds.  Of  these  last,  8  were 
probably  birds  with  three  thick  toes,  14  birds  with  three  or  foor  slender 
toesy  and  8  mt^  have  been  biped  reptiles.  Of  the  remaining  species  some 
were  invertebrate  animals,  and  others  wholly  doubtfol.] 

6th  Qaovp— jura. 

139.  The  Jura  mountains,  which  rise  from  4,000  to  5,000  feet,  have 

fiven  their  name  to  this  formation,  which  has  been  found  pretty  abundantly 
istributed  all  over  Europe.  [The  group  consists  of  four  members,  namely, 
the  vpperj  the  middle,  and  the  lower  Oolite,  and  the  lias.  The  whole 
group  is  sometimes  called  the  ^'  Oolitic,^  and  has  been  so  named  because  in 
the  countries  where  it  was  first  examined,  the  limestones  belonging  to  it  had 
an  oolitic  structure,  t.  e,  were  composed  of  numerous  small  egg-like  grains, 
resembling  the  roe  of  a  fish,  each  of  which  has  usually  a  small  fragment  of 
sand  as  a  nucleus,  around  which  concentric  layers  of  odcareous  matter  have 
accumulated.]  Limestone  is  its  principal  rock,  occurring  alternately  with 
dolomite,  marl,  clay,  and  sandstone.  In  the  upper  strata  a  lighter  coloured 
limestone  prevails,  which  turns  white  when  exposed  to  the  air,  and  contains 
corals,  while  among  the  lower  strata  dark-coloured  limestones  and  marls  aie 
predominant. 

In  Germany,  the  Swabian  Alps,  extending  through  Bavaria  and  Fran- 
conia  up  to  Saxony,  belong  especially  to  the  Jura-group.  This  formation 
is  famous  for  its  numerous  caverns,  containing  deposits  of  bones.  It  also 
contains  those  compact  tabular  limestones  which  are  important  in  their  appli- 
cation as  lithographic  stones.  These  are  found  at  Solenhofen  in  Pappenheim. 
The  lowest  member  of  the  Jura-formation  has  received  its  name,  Um, 
from  the  corruption  of  the  word  layers. 


51.  Ammonites  BooklandL 

Fossils  are  exceedingly  plentiful  throughout  the  entare  formation,  particu- 
larly molluscs,  amongst  which 
there  are  many  Ammonitet 
(figs.  51  and  52)  and  Belenh 
nites  (fig.  58),  fish  and  sau- 
rians;  of  which  the  winced 
lizard  {Pterodactylm,  fig.  54) 
[Of  the  marine  saurians  in  the 


Belemnites  mucronatas. 


is  perhaps  the  most  remarkable  member. 
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Oolitic  members,  the  Flto$aurus  and  Ceiioiauru»  were  the  most  remarka- 
ble.   The  Megalaaurus  was  the  largest  of  the  terrestrial  sauriuns.     The 


54.  Pterodoctjlus  longirostris. 

most  characteristio  fossils  of  the  Oolite,  however,  are  the  remains  of  the 
marsupial  quadrupeds,  found  in  the  Stonesfield  slate ;  and  which  furnish  the 
earliest  proofs  of  the  existence  of  mammals  on  the  surface  of  our  planet.] 
In  the  lower  strata,  marine  plants  are  found. 
[The  Fauna  and  vegetation  of  the  lias  are  shown  in  fig.  55.    This  liassic 


member  is  characterized  by  the  most  remarkable  animal  remains  of  the 
whole  fossiliferous  strata.  The  reptiles  belong  mostly  to  two  genera :  the 
Icih^osauruSf  whose  skeleton  is  shown  in  fig.  56,  and  restored  outline  in 


896 


GEOLOGY. 


fig.  57,  adgI  the  Plesiotaurw,  whose  skeleton  is  seen  b  fig.  58,  and  restored 
outline  in  fig.  59. 


We  have  ample  and  carions  evidence  of  tbevoracity  of  the  Ichthjosannu 
and  the  nature  of  its  food,  which  appears  to  have  been  fish  and  small  rep- 
tiles ;  for  the  half-digested  remains  of  these  animals  are  found  in  the  fossil 
feces  or  Coprolites  (fig.  60)  of  the  ichthjosaur. 


Corals  were  rare ;  but  their  place  was  supplied  by  the  crinoideans,  par- 
ticularly by  the  genus  pentacrinus.     The  P.  briareus  is  shown  in  fig.  61.] 

The  soils  produced  from  the  Jura-formation  are  fruitful,  with  the  excep- 
tion of  thoso  from  the  limestone  and  dolomite  mountains. 
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7th  Group— chalk. 

140.  While  tbe  formatioDs  of  the  preceding  groups  make  their  appear- 
ance more  in  dispersed  localities,  and  particularly  where  the  natural  condi- 
tions of  alluvial  and  diluvial  action  existed  on  a  more  or  less  grand  scale, 
we  find  the  members  of  the  cretaceous  group  much  more  independently  and 
continuously  spread.  It  consists  of  a  defined  series  of  Lime-,  Marl-,  Sand-, 
and  Clay-strata,  the  uppermost  of  which  contain  the  fossils  of  marine  animals, 
and  the  lowermost  those  of  terrestrial  plants  and  of  fresh-water  animals. 

Ohalk  includes  a  series  of  groups,  to  which  the  Zechstcin,  Trias,  and 
Jnra  groups  belong,  and  which  Werner  designated  as  Secondary  mountain 
formation.  The  most  striking  characteristic  of  the  secondary  mountain 
formation  is  the  absence  of  the  fossils  of  birds  and  mammalia,  which  indi- 
cates that  it  originated  under  physical  conditions  essentially  d^erent  from 
the  later  and  present  formations. 

Tbe  Chalk-group  has  been  found  not  only  in  almost  all  countries  of  Eu- 
rope, but  also  in  various  parts  of  Asia,  Africa,  and  America.  Europe, 
during  its  formation,  seems  to  have  been  almost  entirely  covered  by  the 
sea.  The  rocks  of  this  group  form  a  hilly  or  undulated  country,  without 
producing  high  mountains. 

141.  The  most  distinguished  and  characteristic  member  of  the  group  is 
Chalky  which  attains  a  thickness  of  from  600  to  900  feet.  It  passes  from 
white  chalk  into  chalk-marl  and  limestone,  of  difierent  degrees  of  hardness 
and  impurity.  Chalk-soil  is  generally  barren,  and  particularly  in  France, 
where  there  are  extensive  plains  of  high  and  waste  table-land  entirely 
coTered  with  it 

It  is  remarkable  that  FlinU  are  invariably  associated  with  chalk,  which 
encloses  them  as  nodules  of  various  sizes  and  forms.  A  closer  investigation 
proves  them  to  be  agglomerates  of  the  silicious  shells  of  infusoria.  The 
fossils  of  this  group  are  exceedingly  numerous,  especially  those  of  deep-sea 
animals. 

Among  the  lower  members  of  the  chalk-group  important  strata  of  sand- 
stone make  their  appearance,  known  in  England  as  greensandy  from  being 
coloured  by  grains  of  green  earth.  In  Germany  it  is  termed  Quadersand- 
stein,  on  account  of  its  splitting  naturally  into  large  square  masses.  It  is 
found  on  the  surface  of  the  earth,  particularly  in  Saxony,  where  it  forms 
the  remarkable  and  picturesque  ravines  and  precipitous  rooks  of  the  district 
near  Dresden,  known  as  the  Saxon  Switzerland. 

Fossils  of  the  Chalk-Gboup. 

[Fossil  plants  are  rare  in  the  cretaceous  rocks ;  but  sponges  and  corals  are 
numerous,  white  chalk  beinff  composed  mostly  of  their  remains. 
The  echinoderms  are  very  abundant,  the  prevailing  genera  being  8patangu$ 
(fig.  62),  Ananchytes  (fig.  63),  and  Galentes  (fig.  64). 

The  fossil  shells  are  also  very  numerous,  and  belong  mainly  to  the  salt- 
water species :  the  most  conmion  being  Terebratula  (figs.  65,  66,  and  67) 
and  Ostrea  (fig.  68). 

Of  cephalopoda,  the  cenera  Ammonites  (fig.  69)  and  Belentnttei  (fig.  70)- 
are  largely  developed,  though  less  so  than  in  the  oolite  rocks.  The  genera 
hamites  (fig.  71),  baculUes  (fig.  72),  acaphiteis  (fig.  73),  and  turrilxtet  (fig. 
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74),  are  namercras,  and  chanicteristio  of  this  system ;  a  few  ool  j  being  fouDd 
in  the  oolites. 

The  limestones  which,  in  the  oonntries  bordering  on  the  Mediterranean, 
are  the  equivalents  of  the  cretaceous  rocks  of  the  north  of  Europe,  have 
received  the  names  of  hipporite  and  nummolite  limestone,  from  the  abun* 


dance  of  the  remains  of  these  two  genera  contained  in  them.  The  shell  of 
the  hippurite  (fig.  75)  is  unlike  that  of  any  genus  of  mollusc  now  existing. 
The  nummulite  {^g,  76)  is  a  discoid  chambered  cell,  which  derives  its  name 
from  its  resemblance  to  a  piece  of  money.] 
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8th  Oboup  — MOLASSE. 

Tertiary  Rocks, 

142.  The  appellation  of  this  group  is  derived  from  a  ooarse  and  loose 
sandstone  belonging  to  it,  and  occurring  in  Switzerland,  where  it  is  called 
Molasse:  it  contains  frequently  large  fragments  of  other  rocks,  firmly 
cemented  to  a  compact  mass,  named  <'  Nagle/luh/'  and  which  rises,  for 
instance,  on  the  Eigi,  to  a  height  of  6,000  feet.  Alternating  with  strata  of 
Brovm-Coal  and  Calcareous  Kochsj  this  group  forms  the  margin  of  the 
Alps. 

During  the  period  when  this  group  was  formed,  several  large  bays  or  gulfs 
of  the  sea  seem  to  have  been  gradually  filled  up,  in  which  sand,  gravel,  and 
marl,  with  fossils  of  fresh-water  animals,  form  the  principal  portion  of  the 
upper  strata,  while  in  the  middle  strata  a  coarsely-grained  limestone,  termed 
Grchkalk,  and  an  admixture  of  granular  green  earth,  and  a  variety  of  ter- 
restrial and  marine  fossils  prevail.  The  lower  strata  are  composed  of  Clay 
and  Browiir  Coal.  In  difierent  localities,  however,  various  deviations  occur 
from  this  succession. 

It  is  worthy  of  remark,  that  several  capitals,  such  as  London,  Vienna, 

Mayence,  and  Paris,  are  situ- 
ated in  the  centre  of  such 
filled-up  basins.  Amongst 
the  fossils  of  the  Mayence 
basin,  the  Dinotheriuni  is  the 
most  remarkable  which  has 
yet  been  discovered.  It  is  a 
gigantic  animal,  similar  to 
an  elephant,  with  two  large 
tusks  curved  downwards  from 
the  lower  jaw  (fig.  77).  In 
the  London  basin  clay  pre- 
dominates, whilst  the  basin 
of  Paris  furnishes  an  excellent  material  for  millstones.  In  the  gypsum 
quarries,  near  Paris,  a  large  number  of  marine  fossils  occur,  amongst  which 
about  1,400  extinct  species  of  mollusoa  have  been  enumerated*     [Fig.  78 
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represents  the  Fauna  and  vegetation  of  the  epoch  of  the  Paris  basin.  A 
high  temperatare  is  indicated  by  the  prevalence  of  palms  intermixed  with 
conifers  and  other  exogenous  trees  approaching  the  character  of  existing 
species.  Extinct  genera  of  the  pachydermatous  order  of  mammals  abound ; 
of  these,  the  Anoplotherium  commune^  as  restored  by  Cuvier,  is  seen  on  the 
left,  and  behind  him  are  PcUaeotherium  magnum  and  P,  mimu ;  near  the 
latter  is  a  land-tortoise ;  and  it  appears  from  recent  discoveries  that  monkeys 
might  have  been  represented  gambolling  on  the  boughs,  and  boas  coiled 
around  the  trunks  of  the  trees.  Birds  of  which  some  traces  occur  in  older 
strata  are  now  abundant.  The  volcano  in  the  distance  represents  the  craters 
of  Auvergne,  at  present  dormant;  some  of  which  commenced  their  action 
towards  the  close  of  this  era. 

The  epoch  of  the  Paris  basin  belongs  to  the  Eocene^  or  older  tertiary  of 
Lyell.] 

143.  Except  in  Switzerland,  the  Molasse  does  not  rise  to  any  considerable 
altitude.  In  the  north  of  Germany,  in  Bohemia,  in  Wetteravia,  &c.,  the 
Brown-coal  formations  predominate,  while  the  middle  stratum  of  Grobkalk 
is  wanting.  Id  the  pkce  of  the  latter  a  characteristic  associate  of  the  lower 
section  deserves  our  notice;  it  is  a  Sandstoney  distinguished  by  its  great 
compactness,  and  as  being  distributed  in  large  blocks,  often  strikingly  rounded 
off,  over  all  the  north  of  Germany. 

Brown-coal  occurs  more  frequently  in  level  countries  and  nearer  the 
surface  than  in  the  higher  grounds,  where  greater  masses  of  alluvial  and 
diluvial  deposits  cover  it,  though  even  there  it  is  found  sometimes  uplifted 
to  the  surface  by  massive  rocks.  In  the  neighbourhood  of  Basalts  it  is  con- 
siderably altered,  probably  from  the  influence  of  heat  Its  ligneous  structure 
disappears  almost  entirely,  and  it  assumes  greater  resemblance  to  ordinary 
coal.    (Chem.,  §  166.) 


It  has  already  been  mentioned  that  well-preserved  trunks  of  trees,  leaves, 
fruits,  and  also  amber  enclosing  insects,  &c.,  are  found  in  the  beds  of  Brown- 
coal.  Earthy  Brown-coal,  containing  an  admixture  of  day  and  sulphide  of 
iron,  is  worked  for  alum.    (Chem.,  §  86.) 

[The  Fauna  and  vegetation  of  the  middle  tertiary  or  Meioeene  of  Lyell, 
are  represented  in  fig.  80.  This  epoch  is  sometimes  called  the  elephantoid. 
In  the  foreground  are  seen  the  elephant^  rhinoceros  and  hippopotamus 
26 
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(paohjdermi  of  ezistiiig  genera  bat  extinct  species),  whidi  commenced  with 
the  meiocene  or  middle  tertiaries,  and  disappeared  finom  Europe  at  the  erratic 
block  or  drift  period ;  in  the  background  are  placed  the  stag,  ox,  and  horse, 
to  intimate  the  extensive  development  of  those  genera  during  the  PUiocay6 
or  later  tertiary  era.  The  hyena  entering  his  den  indicates  the  increase  of 
camivora  during  this  period,  and  the  accumulation  of  mammalian  bones  in 
eavems.  The  forests  consist  of  oak,  fir,  birch,  poplar  and  other  trees,  closely 
approaching,  if  not  identical  with  indigenous  European  species.  The  distant 
volcano  represents  the  greater  part  of  the  eruptions  of  Central  France,  of  the 
Bhine,  Catalonia  and  Hungary,  which  appear  to  have  taken  place  daring 
the  Meiocene  and  Pleiocene  epochs. 

The  tertiary  rocks  of  Europe  are  found  prindpally  in  basins,  and  appear 
to  have  been  deposited  in  lakes  and  estuaries  of  limited  extent;  and  of  these, 
the  Paris  basin  (§  142),  the  basin  of  the  Thames,  and  that  of  Vienna, 
furnish  examples  which  have  been  well  studied. 

.  In  the  United  States,  the  tertiary  rocks  are  found  upon  the  Atlantie  seft* 
board  and  the  Gulf  of  Mexico.  Its  western  limit  is  at  the  first  or  lowest 
falls  of  the  principal  rivers,  and  is  senerally  marked  by  the  long-leafed 
pine,  whose  distance  from  the  shore  is  limited  by  this  formation.  ] 

9th  Group— alluvial  AND  DILUVIAL  DEPOSITS. 

144.  Alluvial  Formation,  or  a  deposition  of  soil  from  water,  stiU 
takes  place  every  day  under  our  own  observation.  Brooks  and  rivers  con- 
tinually tear  away  from  mountains  and  valleys  more  or  less  of  their  marginal 
projections,  in  proportion  to  the  solidity  of  the  rocks  and  the  power  <tf  the 
fiill  of  water.  Thus  the  elevations  of  the  earth  are  continually,  thoagfa 
imperceptibly,  diminished. 

The  dislodged  particles  are  deposited  again  in  the  state  of  mud,  gravel, 
and  pebbles,  wherever  the  streams  flow  more  calmly. .  Amongst  these  we 
find  such  mineral  substances  as  were  distributed  in  veins  through  the  moan- 
tains,  and  which,  on  account  of  their  greater  specific  mvity,  were  deposited 
sooner  than  other  less  ponderous  minerals.  Thus  gold  and  precious  stones, 
and  also  tin-ore,  are  congregated  in  many  localities  of  the  alluvial  and 
diluvial  formations,  and  may  there  be  searched  for  with  success,  while  in  the 
mountains  whence  they  come  they  would  be  far  more  difficult  to  find. 

The  greatest  alluvial  deposits  from  the  mud  and  sand  of  great  rivers  are 
the  so-called  DeUasy  triangular  islands  formed  at  the  mouths  of  those  rivers, 
and  dividing  them  into  many  branches,  as  is  the  case  with  the  Nile,  the 
Bhine,  the  Danube  [and  the  Mississippi]. 

Oreat  lakes  have  been  gradually  filled  up  with  alluvial  deposits. 

The  sea  also  continuaUy  destroys  (figs.  80,  81,  82,  and  88)  one  line  of 
coast  and  reconstructs  another,  and  in  some  localities  the  formation  of  a  new 
marine  sandstone  or  limestone  has  been  observed  going  on  graduallv  from 
the  deposits  of  evaporated  sea-water,  and  from  the  remams  of  finely  divided 
shells.  This  is  the  only  kind  of  rock  which  has  hitherto  been  found  to 
contain  the  remains  of  man;  a  human  skeleton  having  been  discovered 
embedded  in  this  rock  on  the  island  of  Gnadaloupe. 

Calcareaits  Tufa,  a  rock  of  by  no  means  inconsiderable  extent,  belongs 
likewise  to  the  present  period.     The  carbonate  of  lime  copiously  held  in 
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solution  by  the  waters  of  many  brooks,  lakeS;  and  swamps,  coDtaining  an 
excess  of  carboDic  acid,  is  deposited,  when  a  portion  of  the  carbonic  acid 
escapes  into  the  air  (Chemistry,  §  52).  A  coating  of  carbonate  of  lime  is 
thus  deposited  upon  all  the  objects  in  the  water,  a  rock  being  gradually 
formed,  which  is  at  first  loose  and  soft,  but  hardens  by  exposure  to  the  air, 
and  in  this  state  forms  an  excellent  building  material.  Such  is  the  famous 
Travertine  found  in  a  swamp  near  San  Philippo,  in  the  neighbourhood  of 
Rome,  where  a  layer  of  this  rock  attaining  a  depth  of  80  feet  has  been 
formed  within  20  years.  Silicious  springs,  like  those  near  Karlsbad,  and 
the  famous  hot-springs  of  Iceland,  the  Geysers  (fig.  84),  deposit  Siliciout 
Sinter,  Moreover,  the  layers  of  Bog  Iron-ore  (RcL^eneisenerz)  deposited 
from  chalybeate  waters,  and  the  saline  crusts  formea  on  the  shores  of  the  sea, 
or  on  the  banks  of  lakes,  marshes,  and  swamps,  by  their  partially  drying  op, 
are  by  no  means  inconsiderable. 

145.  Of  greater  importance,  however,  are  the  Turf  or  Peat  Bogsy  the 
origin  of  which,  falling  within  historical  times,  has  already  been  described 
in  the  Chemical  section  of  this  work  (§165).  They  occupy  the  lower  levels, 
such  as  the  plains  of  Ireland,  Holland,  Prussia,  Hanover,  and  Denmark. 
Sometimes  considerable  patches  are  found  in  hollows  on  the  summits  of 
primitive  mountains.  Weapons,  and  other  articles  made  by  man,  are  some- 
times found  deeply  imbedded  in  peat  bogs, — for  example,  Celtic  weapons; 
and  on  one  occasion,  the  wooden  bridge,  constructed  by  Oermanicus  when 
penetrating  through  the  Netherlands  into  Germany,  was  so  found.    The 


84.  The  Geysers  of  Iceland. 

origin  of  Peat  may  be  traced  back  to  the  period  of  diluvial  and  molasse 
formations,  forming  there  a  transition  into  Brown-coal. 

The  Beds  of  Infusoria  must  be  considered  in  a  similar  light     An  invisi- 
ble world  of  the  most  minute  animalculae,  with  shells  or  shields  around 
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them,  eonnstiiig  of  silicic  acid,  with  the  remains  of  an  innumerable  host  of 
Infusoria,  are  deposited  in  layers,  which  form  a  friable  mass  of  silioioos 
rocks,  known  by  the  names  of  Tripoli^  Polishing  Slate,  and  Kieselguhr, 
The  annexed  diagrams  (figs.  85  to  89)  represent  a  few  of  the  best-defined 


85.  GomphomeDa  lanceolata.  88.  Xantidmm  ramosum. 

86.  BacillarU  vulgaris.  89.  Gallionella  distans. 

87.  Navicula  Tiridis. 


species  which  have  been  recognised  by  M.  Ehrenberg,  who  has  calculated 
that  the  space  of  a  single  cubic  inch  would  contain  upwards  of  35,000  mil- 
lions of  such  remains.  In  the  ocean  this  formation  is  represented  by  the 
beds  of  corals  which  are  built  up  from  the  bottom  by  Polypi,  and  gradually 
approach  the  surface  of  the  water  with  their  calcareous  ramifications,  thus 
appearing  above  the  surface  of  the  sea  as  coral  reefs,  and  frequently  consti- 
tutiDg  coral  islands  (fig.  90),  which  abound  in  the  Pacific  Ocean. 


90.  Whit-Sunday  Island  in  the  Pacific. 
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Among  the  Polypi  whieb  help  to  form  oonJ  reefsy  we  may  cite  the  fol* 
lowing: — 


91.  Cazyophyllea  ftatiglata.       92.  Madrepora  morioata.  93.  Oealina  hirteUa. 

C)n  the  whole,  the  alluvial  formations  never  reach  a  considerable  thickness 
above  the  level  of  the  sea,  and  they  enclose  only  the  remains  of  still  exist- 
ing plants  and  animals. 

146.  Diluvial  Formation. — This  consUtates  even  more  mighty  masses. 
It  arose  in  pre-historical  times  as  a  deposit  from  a  general  inundation  before 
the  existence  of  mankind ;  for  it  never  encloses  human  skeletons  or  bonea. 
We  find  among  all  nations  obscure  traditions  of  mighty  floods,  which,  like 
the  Delugey  described  in  the  Bible,  had  covered  a  great  part  of  the  earth. 

The  deposits  which  arose  from  this  flood  are  of  much  greater  depth  than 
the  alluvium  deposited  from  seas  and  rivers.  They  are  nearly  200  feet 
thick;  they  are  generally  elevated  about  1000  feet,  and  sometimes  as  much 
as  2000  feet  above  the  level  of  the  ocean.  The  whole  of  the  lower  coun- 
tries of  Europe,  as  well  as  some  plains  of  smaller  extent  in  its  highlands, 
consist  of  this  formation.  Thus  the  whole  valley  of  the  Rhine  is  filled  up 
with  diluvial  deposit,  which  ^consists  of  a  fruitful  marly  or  sandy  loam,  which 
is  called  Lossj  because,  bein^  too  stifif  to  be  washed  away  gradually  by  in- 
tersecting brooks,  it  allows  itself  to  be  undermined,  and  breaks  downward 
vertically,  or  loosens  in  masses. 

Diluvial  deposits  enclose  many  remains  of  animals,  not  only  of  the  exist- 
ing kinds,  but  also  of  several  extinct  species.  Among  the  latter  we  find 
particularly  large  terrestrial  animals,  such  as  the  mammoth,  the  cavern  bear 
(Ursus  Spelssus),  &c.  The  accumulation  of  such  fossil  bones  in  many 
caverns  is  very  remarkable ;  for  instance,  at  Muggendorf  in  Bavaria,  Gailen- 
reuth  in  Franconia,  in  the  Baumanns  and  Biels  caverns  of  the  Sartz,  in  the 
Nebel  cavern  near  Tubingen,  and  in  several  other  localities.  These  may 
have  arisen  from  the.  caverns  having  been  the  places  of  resort  of  various 
carnivorous  animals,  or  from  the  action  of  the  floods  carrying  the  bones 
thither. 

147.  Certain  migrations  of  detached  masses  of  rock  may  likewise  have 
occurred  at  this  period  of  great  floods,  as  otherwise  they  would  be  as  inoon- 
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eeivable  as  tbej  are  incoDgruous  with  the  present  state  of  things.  In  the 
great  plains  of  northern  Germany,  we  find  large  blocks  of  rounded  stone, 
principally  of  granite,  lying  about  singly  all  over  the  diluvial  deposits, 
and  which  we  thence  call.  Erratic  Blocks  or  Boulders,  No  granite  can  be 
discovered  far  and  wide  in  their  neighbourhood,  nor  at  any  depth  below  the 
surface.  It  is  certain  that  these  blocks  must  have  been  transported  over 
sea,  from  Scandinavia  or  Finland,  where  mountains  of  the  same  kind  of 
rock  still  exist,  and  it  is  probable  that  they  were  conveyed  by  immense  ice- 
bergs, which  detached  them  on  breaking  up.  The  descriptions  given  by 
noi^em  travellers,  of  the  size  of  the  icebergs  still  floating  about  in  the 
polar  regions^  renders  this  not  at  all  improbable. 

IGNEOUS  FORMATIONS. 
Plutonic  and  Volcanic  :  Abnormal  Formations.    Massivb  Bocks. 

148.  In  this  division  we  have  classed  the  groups  of  ffranite,  greenstone, 
porphyry,  basalt,  and  volcanic  rocks,  which  are  indicated  m  fig.  21^  page  380^ 
by  the  letters  A,  B,  C,  D,  and  E. 

The  massive  rocks,  not  overiying  each  other  in  regular  strata,  but  occurring 
only  wedged,  as  it  were,  beside  and  into  each  other^  it  is  generally  much 
more  difficult  to  separate  the  different  groups  accurately ;  moreover^  the  fossils 
which  so  much  facilitate  the  distinction  of  the  stratified  groupS|  are  entirely 
wanting  in  these  rocks. 

The  massive  rocks  distributed  over  the  surface  of  the  earth  are  more  uni- 
from  in  their  constitudon  than  the  sedimentary  rooks,  a  circumstance  which 
may  be  explained  by  supposing  them  to  have  been  upheaved  from  the  inte- 
rior of  the  earth,  and  consequently  less  subjected  to  external  and  local  inflo- 
enees  than  the  substances  of  the  stratified  formations. 

A.   ORANITE-OROnP. 

Primitive  Rocks,  • 

149.  Granite  was  long  considered  to  be  the  true  primtive  or  ftindamental 
rock,  an  opinion  which  extends  even  beyond  the  circle  of  scientific  geologists. 
According  to  our  previous  statements,  however,  we  consider  it  merely  as  the 
first  of  a  series  of  igneous  rocks,  which  in  various  subsequent  periods,  suffi- 
ciently remote  from  each  other,  broke  through  the  crust  of  the  earth. 

This  rock  occurs  likewise  in  many  varieties,  of  which  granite,  granulite, 
and  syenite,  are  geologically  considered  the  more  important.  Granite  (§  87) 
Is  less  distributed  than  the  slaty  rocks.  It  occurs  principally  in  the  form 
of  mountains,  and  is  rarely  found  in  plains.  The  external  configurations 
of  granite  are  various,  but  peaked  mountains  and  rugged  isolated  craps  pre- 
vail, piled  upon  each  other  in  great  quantities  into  picturesque  groups  of 
apparent  rmns.  Peculiarly  characteristic  are  the  large  blocks,  like  wool- 
sacks, which  often  abound  on  the  surface  of  granitic  districts.  These  are 
large  fragments  of  granite,  the  angular  edges  of  which,  having  been  worn 
off  by  gradual  decomposition,  they  remain  as  rounded  blocl^.  Mineral 
feins  are  not  frequent  in  granite,  yet  iron-stone  and  tin-ore  must  be  men- 
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94.  Mountaizis  of  Granite,  and  Mica-slate,  seen  from  the  summit  of  Goatfell,  in 
the  Island  of  Arran. 


95.  Granite  Bonlder  near  NeofchateL 

tioDed  -as  oooarring  in  this  rock ;  accidental  admixtures  of  several  precions 
stones  and  laminae  of  gold  are  likewise  occasionally  found. 

Granite  abounds  in  the  north  of  Scotland^  in  the  island  of  Arran,  in 
Wales,  and  in  Cornwall. 

Granville  (§  87)  is  found  to  a  less  extent,  but  under  interesting  circum- 
stances, at  the  northern  foot  of  the  Erzgebirge,  in  Germany. 

Si/enite  (§  88)  is  found  less  widely  distributed  in  Europe  than  granite,  but 
is  said  to  extend  over  large  tracts  of  country  in  Chili,  and  at  Mount  Sinai. 

Syenite  is  often  found  ruptured  by  granite,  whence  it  is  thought  to  be  of 
earlier  formation  than  the  latter  rock. 

The  cut  (No.  96)  exhibits  another  remarkable  peculiarity  in  the  scenery  of 
granite  mountains,  namely  the  occurrence  of  a  lake  that  fills  what  appears 
to  resemble  a  volcanic  crater.* 

*  We  borrow  from  Professor  Ramsat  the  following  description  of  such  a  scene: — 

«  Before  descending  to  the  coast,  let  the  geologist  turn  aside  to  see  a  solitary 

mountain  tarn,  in  the  silent  recesses  of  Beina  Mhorroinn.     This  little  sheet  <^ 
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96.  Corrie-an-Laohan,  Island  of  Arran. 
B.   0rE£N8T0N£-0R0UP. 

Trap  Formation, 

150.  Differing  from  tbe  rooks  of  the  preceding  group,  greenstone  never 
occurs  in  extensive  masses,  nor  forms  entire  mountains,  nor  even  considera- 
ble parts  of  mountains.  It  forms,  on  tbe  contrary,  small  irregular  masses, 
hillocks,  blocks,  and  intricate  veins  or  dykes,  particularly  in  tbe  substance 
of  granite,  slate-rocks,  greywacke,  and  sandstone.     In  general,  greenstone, 

water  is  by  far  the  most  picturesque  of  all  the  lochs  of  Arran,  and  is  situated  deep 
in  a  hollow,  called  Corrie-an-Lachan.  The  place  is  perfectly  lonely ;  not  a  tree  is 
near;  and,  except  the  brown  heath  on  its  margin,  and  a  few  stunted  rushes  by  the 
brook,  the  surrounding  hills  are  almost  bare  of  vegetation.  The  water  is  dark  and 
deep,  and  the  stormy  blasts  of  the  mountain  never  reach  its  still  and  unruffled  sur- 
&ce.  From  its  edge,  on  all  sides  but  that  toward  the  sea,  rise  the  naked  hills, 
whose  sides  are  either  formed  of  massive  granite  blocks,  which,  though  surely 
yielding  to  decay,  yet  offer  a  stronger  resistance  to  the  destroying  influences  of  time 
thftn  the  softer  pbrtions  of  the  mountain,  where  the  decomposing  rock  may  almost 
be  seen  slowly  crumbling  away. 

**  A  remarkable  feature  of  tbe  granite  hills  of  Arran,  is  the  Corries  (one  of  which 
is  represented  in  the  cut).  These  may  be  frequently  observed  in  the  ridge  between 
Brodick  and  Sannoz,  and  in  the  hills  of  the  interior.  They  generally  present  the 
appearance  of  a  volcanic  crater,  part  of  one  side  of  which  has  disappeared ;  and  the 
masses  of  granite  which  compose  the  encircling  hills  are  frequently  arranged  in 
layers  diverging  from  the  centre  of  the  Corrie  according  to  the  angle  of  inclination 
of  the  hill.  For  obvious  reasons  it  will  be  evident  to  the  most  inexperienced  ob- 
server, that  there  is  no  analogy  between  the  Corries  (Corrie  =  Cauldron?)  and 
modem  volcanic  craters ;  and  it  is  probable  that  they  owe  their  origin  to  the  softer 
nature  and  earlier  decay  of  the  rock,  with  which  at  remote  periods  they  may  even 
have  been  nearly  filled.  May  not  even  the  great  glens  owe  their  origin  to  the  same 
<MMi»c?"— (?eoto^  of  the  Island  of  Arran,  8vo,  Glasgow,  1841,  p.  60. 
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when  it  appears  on  the  sur&oe,  constitutes  small  rounded  summitSi  which 
in  districts  of  clay-slate,  may  be  recognised  even  at  a  distance.  The  internal 
cleavage  of  greenstone  is  chiefly  either  nodular  or  spherical,  being  rarely 
seen  split  in  the  form  of  columns  and  slabs.  Of  the  many  Tarieties  of 
greenstone  those  of  Diortte  (§  89)  and  Serpentine  (§  41)  occur  to  the 
greatest  extent.  Mineral  veins  are  rarely  met  with  in  these  rocks,  but  they 
contain  frequently  ores,  for  instance  of  iron,  copper,  and  tin,  as  accidental 
components,  sometimes  in  sufficient  quantities  to  render  them  worthy  the 
attention  of  the  miner. 

C.  Porphtry-Geoup. 

151.  According  to  Leopold  v.  Buoh,  the  various  porphyries  must  not 
merely  be  considered  as  a  frequent  cause  of  mountainous  upheavals,  since 
they  also  rise  up  frequently  by  themselves  as  considerable  mountainous 
masses.  They  have  been  found  in  all  parts  of  the  globe,  under  the  same 
relative  arrangement,  breaking  in  trunk-like  masses,  or  in  wide-spreading 
veins,  through  the  granite  and  slate  formations,  and  dirough  tha  gi^ywacke 
and  carboniferous  groups  of  the  secondary  rocks.  In  their  external  appear- 
ance, the  porphyries  appear  to  be  peculiarly  adapted  for  the  formation  of 
rocky  mountains,  and  frequently  they  constitute  isolated  hills  in  the  midst 
of  other  rocks.  They  cleave  into  angular  fragments,  and  frequently  split 
into  multiform  pillars  and  slabs.  In  their  point  of  contact  with  other  rocks, 
Breccias  frequently  occur  (§  96). 

A  great  many  varieties  of  porphyry  exist,  amongst  which,  pitchttone  par- 
phyrj/,  melaphi/r^  and  amygdaloidy  are  the  most  important. 

Pitchstone  porphyry  occurs  only  in  isolated  masses.  Melaphyr  and  amyg* 
daloid  are  more  widely  distributed ;  they  do  not  however  constitute  extensive 
districts,  but  form  small  trunk-like  masses  and  irr^^lar  veins  in  Upper 
Bilesia,  Bohemia,  Saxony,  Scotland,  and  in  many  other  localities. 

B.  Basaltio  Group. 

152.  This  upheaved  group  exhibits  so  decided  a  character  that  it  is  easily 


97.  Basaltic  Oolamns. 
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recognisable  even  by  the  nnpraotifled  eye.  Beins  of  much  later  date  than 
most  of  the  secondary  formations,  or  than  the  above-named  massive  rocks, 
it  is  found  to  have  broken  through  them  and  penetrated  even  up  to  the 
molasse-group.  Only  the  diluvial  and  alluvial  formations  have  been  formed 
dnce  the  appearance  of  the  basalt 

Basaltic  rocks  frequently  form  lines  of  spreading  hilly  country,  independent 
of  chains  of  mountains;  or,  very  characteristically,  they  constitute  single 
dome-shaped  elevations  or  conical  hills  in  the  flat  regions  of  the  stratified  for- 
mations. They  are  distributed  all  over  the  globe,  and  in  Gkrnumy  they  form 
a  very  remarkable  basaltic  zone,  running  from  east  to  west. 

Isolated  basaltic  cones  sometimes  attain  a  height  of  1000  feet,  and  present 
to  the  eye  the  most  varied  and  graceful  cleavage ;  the  basalt  itself  consisting 
mostly  of  regular  hexagonal  or  pentagonal  columns. 

The  more  important  varieties  are  Phonolite  (§  93)  and  Trachyte  (§  94) ; 
which  are  however  rather  rare,  and  occur  mostly  associated  with  the  common 
basalt. 

The  rocks  of  this  group  are  not  penetrated  by  veins  of  ore. 

Wherever  the  basaltic  rocks  border  on  other  kinds  of  rocks,  the  most 
remarkable  phenomena  have  ori^nated  at  the  period  of  their  upheaval  as  a 
glowing  liquid  mass.  In  such  localities  these  latter  rocks  have  undergone 
great  alteration  still  distinctly  visible,  being  partly  fused  or  reduced  to  mere 
slag,  similar  to  the  effects  of  volcanos,  still  in  activity,  or  to  the  process  of 
our  smelting  furnaces,  where  such  igneous  formations  are  constantly  produced 
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100.  Basaltic  colamns  on  the  border  of  the  river  Volant  in  Ard^che,  Fraiice. 
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on  a  smaller  scale.  The  appearance  produced  by  the  junction  of  the  top- 
rocks  with  sandstone,  slate-rocks,  &c.;  can  be  easily  examined  at  Dunoon,  in 
the  Island  of  Bute,  or  in  numerous  other  localities  on  the  Clyde. 

When  a  trap  dyke  is  more  durable  than  the  penetrated  strata,  the  rode 
which  it  traverses  being  worn  away  by  the  action  of  the  elements,  the  trap 
dyke  is  left  above  its  surface  in  the  form  of  a  wall,  fig.  99.  But  when  the 
dyke  is  more  perishable  than  the  rook  which  it  pierces,  the  trap  decomposes 
and  leaves  a  hollow,  bounded  on  each  side  by  a  perpendicular  wall  of  sand- 
stone^ fig.  98. 

E.  Volcanic  Group. 

153.  We  have  already  explicitly  described  in  §  123  the  actiipty  and  the 
influence  of  volcanoes  upon  their  surrounding  neighbourhood.  According 
to  modern  views,  all  upheaved  massive  rocks  might  be  considered  as  extinct 
volcanoes,  some  of  which  are  of  immense  extent.  However,  it  is  only  with 
the  group  of  basalt,  immediately  preceding  the  volcanic  group,  that  we  find  a 
considerable  approximation  in  character  to  the  present  volcanic  formations. 

A  characteristic  feature  of  volcanos  is  the  conical  form  of  their  summits, 
which  appear  sometimes  isolated  and  sometimes  in  groups  or  chains.  A 
farther  characteristic  is  the  formation  of  a  funnel-shaped  crater  at  their 
summits.  The  rooks  which  we  meet  with  in  volcanos,  and  in  their  imme* 
diate  neighbourhood,  consist  of  lava,  dags,  and  trachyte  (§  94),  in  which 
no  mineral  veins  are  present. 


101.  Extinct  Volcanos  of  Auvergne. 


CONCLUSION. 


154.  On  taking  a  retrospective  glance  at  what  has  been  stated  under  the 
heads  of  Mineralogy  and  Geology,  we  find  ourselves  progressing  most  re- 
markably from  the  minute  and  elementary  to  the  greatest  and  most  compli- 
cated phenomena. 

First.  Mineralogy  teaches  us,  in  the  simple  mineral  specimen,  the  che- 
mical combinations  formed  by  Nature,  the  determination  of  which,  as  well 
as  of  their  form  of  crystallisation,  is  properly  considered  a  part  of  Chemis- 
try. These  minute  crystals  do  not,  however,  occur  merely  isolated,  but  m 
aggregations  of  great  number  united  to  conUnuous  masses.  We  also  fre- 
quently find  the  crystals  of  difierent  minerals  intermingled  and  closely 
united  in  greater  masses,  when  their  definite  form  of  crystallisation  is  often 
interfered  with  by  the  mechanical  actions  of  friction,  pressure,  admixture, 
and  by  partial  or  entire  fusion  or  solution.  Thus  from  the  consideration 
of  the  simple  and  compound  rocks,  Geology  leads  us  on  to  the  contemplation 
of  still agreater  masses,  and  their  arrangement  in  successive  strata. 
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155.  In  deflcribine  so  many  most  useful  mineral  inbstanoes,  the  impor- 
tance of  the  science  nere  treated  must  have  become  evident  to  every  one. 

The  mineralogist  teaches  us  not  only  to  distinguish  such  minerals  as  sul- 
phate of  baryta  and  sulphate  of  strontia,  limestone,  salt,  sulphur,  coal,  and 
the  best  of  ores,  so  indispensable  to  man,  but  he  also  informs  us  under  what 
local  circumstances  we  may  expect  to  Jind  them. 

Besides  this,  the  knowledge  of  the  mineralogist  enables  him  better  to 
judge  of  the  nature  of  soils  produced  by  decomposition ;  and,  indeed,  this 
knowledge  of  soils,  so  essential  to  agriculture,  has  been  made  the  subject 
of  scientific  treatment,  founded  on  Mineralogy.  Oeology,  again,  has  lent 
its  aid  for  another  important  purpose, — to  procure  one  of  the  most  indispen- 
sable necessaries  of  life,  viz.,  water.  In  the  section  Physics  (§  60),  it  has 
been  shown  how  this  liquid,  while  endeavouring  to  find  its  level,  springs  up 
as  a  fountain,  wherever  it  can  force  its  way.  Experience  has  taught  us, 
however,  that  we  can  assist  its  course  in  this  respect,  that  we  can  make 
channels  for  it  in  certain  localities,  or,  in  other  words,  that  we  may  form 
artificial  springs  by  boring. 

ARTESIAN  WELLS. 

156.  The  possibility  of  forming  such  a  well,  named  Artesian,  after  the 
department  Artois,  in  France,  where  the  attempt  was  first  made,  depends 
upon  certain  geological  conditions,  tolerably  well  ascertained,  according  to 
which  a  well-informed  geologist  may  easily  judge  whether  in  certain  locali- 
ties boring  is  practicable,  with  the  probability  of  success. 

This  would  be  the  case  under  the  following  circumstances :  — 

(1.)  Water  must  be  continually  absorbed  and  collected  on  an  elevated 
point,  higher  than  the  place  where  the  boring  is  to  be  tried. 

(2.)  This  water  must,  from  the  nature  of  the  formations  below,  find 
access  beneath  the  point  of  boring  by  subterraneous  channels. 

(8.)  It  must  have  no  other  artificial  or  natural  egress,  to  an  amount  equal 
to  the  quantity  at  the  collecting  points,  neither  at  nor  below  the  level  of  the 
boring  point. 

These  three  general  conditions  may  actually  be  fulfilled  in  various  ways. 
Most  commonly,  however,  they 
are  realized  in  the  stratified  form- 
ations by  the  peculiar  position 
and  alternating  quality  of  the 
several  strata.  If,  for  instance, 
a  sandy  stratum,  acting  as  a  filter, 
(a  by  fig.  102,)  occupies  a  some- 
what inclined  position  between 
two  other  strata  impervious  to 
water,  snoh  as  clay,  the  water 
being  absorbed  by  the  superficial  102. 

parts  at  a  b,  which  may  be  of 

very  great  e^|nt)  will  penetrate  through  its  whole  depth,  and  finding  no 
egress  below,  on  account  of  the  basin-like  form  of  the  stratum,  as  in  ^g, 
102,  or  from  its  resting  at  the  lower  termination  upon  a  compact  rock,  the 
water  will  collect,  under  sufficient  pressure,  to  form  an  artesian  well.  The 
overlying  strata  need  only  be  bored  through,  as  shown  in  the  centre  of  the 
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figure,  to  obtain  the  desired  spriog.  The  passage /(f,  in  fig.  102,  ezpkine 
the  manner  in  which  a  natural  spring,  dj  may  be  supplied  with  water  from 
a  porous  bed  through  a  fissure  in  the  rocks.  Simikr  conditions  may  exist 
in  localities  where  massive  rocks  prevail,  by  means  of  fissures  and  cavities, 
although  these  are  of  rarer  occurrence,  and  do  not  admit  of  a  decided  judg- 
ment beforehand. 

Heuoe,  while  in  stratified  formations,  we  may  predict  frequently  with 
great  certainty  the  success  of  boriug  for  an  artesian  well,  such  an  undertak- 
iug  will,  on  the  whole,  be  very  hazardous  in  localities  where  slaty  or  massive 
rocks  predominate,  and,  consequently,  the  desired  result  would  not  be  at  all 
probable. 

Artesian  wells  from  a  great  depth  possess  a  high  temperatvre,  as,  for 
instance,  the  water  of  the  artesian  well  at  (Crenelle,  near  Paris,  which  is 
1,663  Parisian  feet  (»  540  met)  in  depth,  possesses  a  temperature  of  28'' 
C.  (82*4  F.)  This  opens  up  a  speculative  view  of  making  the  immense 
store  of  subterraneous  heat  available  for  our  domestio  purposes.  Should 
the  stratified  formations,  from  which  the  artesian  spring  rises,  contain  min- 
eral substances  soluble  in  water,  in  such  case  it  would  appear  as  mineral 
water.  Thus  in  the  Keuper  and  Zechstein  (§  137  and  138),  so  rich  in  beds 
of  rock-salt,  saline  springs,  for  the  manufiRCture  of  common  salt,  have  been 
frequently  found  by  boring. 

MINING. 

157.  In  order  to  procure  for  man  the  comforts  and  necessaries  of  life  by 
the  assistance  of  gold  and  silver,  by  that  of  iron,  coal,  salt,  and  other  mine- 
rals, the  MiNSR  unceasingly  performs  his  laborious  task  with  steady  perse- 
verance. 

Miners  are  generally  a  poor  but  an  honest  and  industrious  class  of  people, 
qniet  and  earnest  at  their  work,  but  cheerful  and  fond  of  musical  entertain- 
ment in  their  hours  of  recreation.  Separate  manners,  habits,  .and  dress,  as 
well  as  a  peculiar  language  for  everything  concerning  their  occupation,  make 
the  miners  a  characteristic  set  of  men,  strongly  dbtingubhed  from  agricul- 
turists, sailors,  or  townsmen. 

With  his  tools,  consisting  of  a  pickaxe,  hammer,  and  crowbar,  and  provided 
with  a  safety-lamp,  the  miner  proceeds  either  to  work  shafts  vertically  down 
into  the  ground,  forming  deep  pits,  or  he  carries  out  galleries  in  horiiontal 
directions,  and  by  combining  these  two  ways  he  penetrates  the  rocks  in  search 
of  ores  which  run  through  them  in  veins  or  form  entire  beds  in  separate 
strata,  as,  for  instance,  coal  or  rook-salt.  Mines  are  sometimes  of  immense 
extent,  for  some  shafts  have  been  sunk  to  the  depth  of  8000  feet :  the  great- 
est depth,  however,  below  the  level  of  the  sea  amounts  only  to  from  1800  to 
1600  feet,  which  would  make  only  about  y:||x>^  of  the  radius  of  our  globe 
(V.  Humboldt's  Cosmos).  The  galleries  extend  in  some  mines  to  an  as- 
tonishing length,  as,  for  instance,  the  George-gallery  in  the  Harz,  which  re- 
quires three  hours  to  pass  through,  and  the  celebrated  Christonber-gallery  in 
Salzburg,  10,500  feet  long.  These  galleries,  though  mostly  Aa  height  suf- 
ficient for  a  man  just  to  walk  through,  frequently  admit  of  aoAss  only  in  a 
stooping  or  creeping  position. 

158.  The  calling  of  the  miner,  besides  being  very  tmlsome,  is,  next  to 
that  of  the  sailor,  exposed  to  the  greatest  amount  of  danger.     There  are 
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many  mines,  in  which,  out  of  1000  workpeople,  an  average  of  7  annually 
lose  their  lives,  while  about  200  sufifer  more  or  less  personal  injury  from 
accidents.  In  others,  it  is  stated,  that  an  average  of  even  from  12  to  16, 
out  of  250  people,  perish  annually.  Sometimes,  a  sudden  irruption  of  water 
from  below  or  laterally,  sometimes  the  fire-damp  (Chem.  §  54),  which  ex- 
plodes on  taking  fire,  or  suffocating  gases,  especially  carbonic  acid  gas  (Cbem. 
I  52),  choke  damp,  prove  destructive  to  them.  At  times,  also,  the  roof  of 
the  mine  itself  gives  way,  cither  from  negligence  in  propping,  or  from  un- 
avoidable concussions,  and  buries  the  miners  alive.  This  frequently  hap- 
pens^ particularly  in  South  America,  where  earthquakes  are  still  of  common 
occurrence.  All  these  circumstances  contributed  much  in  former  times  to 
make  the  miners  a  particularly  superstitious  class  of  people,  abounding  in 
fictions  and  traditions  of  jealous  mountain  sprites,  dwarfs,  and  hobgobSns, 
dwelling  in  the  interior  of  the  mountains,  and  watching  over  their  ores  and 
treasures,  which  they  grudge  mankind,  and  for  taking  of  which  they  assail 
the  miner,  and  seek  to  do  him  harm.  On  the  other  hand,  they  believed  in 
benevolent  fairies  and  protecting  spirits,  that  aided  and  assisted  them. 

The  progress  of  science  and  education  has,  however,  cleared  away  much 
of  this  prejudice  and  ignorance :  the  better-informed  miner  of  the  present 
time  knows  how  to  distinguish  truth  from  fiction,  and  while  trying  to  avoid 
dangers  by  needful  precautions,  he  puts  his  trust  in  God,  the  ruler  of  all 
things. 


1.  Botany  is  that  branch  of  Mience  which  ttoats 
of  such  natural  objects  as  are  diverse  in  organ isiitionj 
like  animals ;  but  UDlike  thi^ge,  are  incapable  of  apoD- 
taneoas  moyement.  The  diversity  of  their  organisa- 
tion consists  in  this,  viz.,  that  in  every  plant  certain  parts  are  present  which 
display  essential  distinctions  as  well  in  external  aspect  as  in  internal  struc- 
ture. 

The  amplest  form  in  which  vegetation  appears  to  us,  is  in  that  of  minute 
vesicles,  consisting  of  a  peculiarly  thin  membrane  called  tissue,  or  cellulose^ 
containing  a  fluid,  and  occasionally  some  greenish  granules.  The  tissue,  the 
fluid,  and  the  solid  contents  of  the  little  cell  (cellule)^  are  different,  both  in 
their  formation  and  in  their  chemical  composition.  A  still  greater  and 
more  obvious  diversity  is  perceptible  in  an  entire  plant,  which  is  only  an 
aggregation  of  an  infinite  number  of  similarly  constituted  cells.  But  the 
distinction  is  far  more  striking,  supposing  a  larger  plant,  a  tree,  for  instance^ 
to  be  the  subject  of  comparison.  Here  the  variation  in  the  form  and  con- 
sistence is  so  remarkable,  that  the  dissimilarity  of  the  different  parts  of  the 
entire  object,  is  not  easily  to  be  mistaken,  even  by  a  child. 

If  we  compare  a  simple  mineral  with  a  plant  (Min.  §  3),  for  example^ 
a  crystal  of  quartz  with  a  laurel,  we  find  every  particle  of  the  cnrstal  com- 
posed  of  minute  atoms  of  quartz ;  in  other  words,  the  mineral  is  homoge- 
neous, of  the  same  consistency  and  composition  throughout  its  entire  mass. 
Neither  the  eya  nor  the  chemical  analysis  of  the  object  can  discover  the 
least  difference.  On  the  other  hand,  the  external  form  and  internal  struc- 
ture of  the  roo||the  stem,  the  leaves,  the  flowers,  and  the  fruit  of  the  laurel, 
are  altogether  dissimilar.  There  are,  indeed^  some  minerals,  granite,  for 
example,  that  have  the  appearance  of  a  diversity  in  their  formation,  yet  in 
these  compound  rocks,  as  they  are  called,  it  is  easy  to  perceive  that  they  arc 
nothing  more  than  a  mixture  of  simple  minerals. 

27  (417) 
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2.  If  we  make  a  series  of  observations  on  a  particular  plant,  nnder  suit- 
able oircumstanoes,  we  cannot  avoid  perceiving  the  peculiar  changes  which 
it  successively  undergoes.  Another  phenomenon  of  the  utmost  importuee 
is,  that  the  fluid  substance  which  fills  the  elementary  and  simplest  organic 
forms  in  which  plants  appear,  exhibits  motion.  Further,  it  is  to  be  observed 
that  the  plant  increases  in  size  and  weight,  or  growty  that  is,  it  receives  from 
the  surrounding  soil  and  atmosphere  the  materials  necessary  for  this  increase, 
and  assimilates  or  adapts  them  to  the  production  and  extension  of  the  erer- 
varying  forms,  under  the  infinite  multiplicity  of  which  all  vegetation  exists. 
Finally,  a  period  ensues  when  the  plant  ceases  to  exert  this  self-formatiTe 
energy,  viclds  to  the  power  of  chemical  laws^  fidls  to  pieces,  docays,  and  ii 
forthwith  resolved  into  its  primary  elements. 

Here  another  very  remarkable  fiiot  deserves  notice  —  viz.,  that  the  mate- 
rials absorbed  or  inhaled  by  a  plant  during  the  term  of  its  growth,  are,  in 
chemical  combination,  form,  and  qualities,  altogether  dififerent  from  the  sab- 
stances  which  we  meet  with  in  the  body  of  the  plant  We  never  find  in 
the  soil  the  material  which  communicates  the  green  colour  to  the  leaves; 
nor  is  the  starch,  which  so  abundantly  is  form^  in  the  seeds,  sometimes 
also  in  the  tuberous  parts  of  plants,  to  be  found  in  the  ground  where  they 
grow.  The  plant,  therefore,  has  the  power  of  osnmilaHng  the  materials 
absorbed  by  it;  and  this  is  true,  both  in  respect  of  their  ehemical  comlnna- 
tion  as  well  as  of  the  external  forms  which  they  are  made  to  assume. 

In  this  respect  the  mineral  exhibits  a  remarkable  contrast.  It  indeed 
does  possess  the  capability  of  appropriating  new  portions,  of  increasing  its 
mass,  of  growing.  But  this  can  only  be  accomplished  when  its  media  are 
of  exactly  the  same  nature  as  itself.  For  example,  a  crystal  of  calcareoos 
spar  can  only  enlarge  itself  in  a  fluid  medium  which  contains  the  carbonate 
of  lime.  The  crystal  is^  however,  incapable  of  forming,  from  this  material, 
either  any  other  form  or  any  other  chemical  compound,  than  the  one  appro- 
priate to  itself;  it  grows  without  either  changing  its  form  or  its  substanee. 

3.  This  capability  of  increase  by  the  assimilation  of  heterogeneous  mate- 
rials, we  call  the  vitality  of  plants ;  and  those  parts  by  which  this  assimi- 
lating process  is  conducted,  are  named  the  organs  of  vegetation.  In  the 
simpler  forms  of  vegetable  life,  i,  e,  in  plants  of  an  almost  homogeneooi 
structure,  all  the  organs  act  equally  in  the  process  of  assimilation.  In  the 
more  highly-organised  orders,  the  various  distinct  organs  perform  separate 
and  independent  parts  in  the  economy  of  vegetation,  and  hence  are  callei 
dissimilar  organs. 

The  mineral  has  no  organ — it  belongs  to  the  division  of  unorganised 
objects. 

4.  It  has  already  been  stated  in  §  2,  that  plants  possess  an  internal  vital 
motion.  Externally,  however,  we  can  perceive  no  appearance  of  this  capa- 
bility. Indeed,  the  newly-formed  organs  or  parts  take  their  place  without 
apparent  motion ;  and  if  the  branches,  twigs,  and  leaves  were  unmoved  by 
the  breath  of  heaven,  they  might  seem  without  vitality  altogether.  The 
roaring  of  the  wind  among  the  trees  of  a  forest  is  the  voilb  of  the  storm, 
not  of  the  woods.  The  plant  cannot  change  its  place  nor  alter  the  dreun- 
stances  of  its  existence.  It  appears  wherever  accident  or  desi^  has  placed 
its  seed,  and  it  perishes^  if  the  conditions  necessary  to  its  life  be  not  within 
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its  leach ;  it  possrases  no  power  to  obtain  them  by  changing  its  original 

station. 

It  is  tme^  that  many  blossoms  open  and  shut  their  petalous  onps  at  cer- 
tain times,  that  the  sensitive  mimosa  folds  its  leaflets,  and  its  branohlets 
droop  if  only  touched  by  the  softest  finger;  and  that  the  stamens  of  certain 
plants  exhibit  remarkable  appearances  of  mobility.  But  all  these  pheno- 
mena are  produced  by  external  causes.  It  was  either  the  sun,  or  moisture, 
or  a  touch,  which  caused  the  motion,  which  without  one  or  other  of  these 
caoses  would  never  have  been  product  at  all. 

A  plant,  therefore,  is  an  organised  body  without  external  voluntary  move- 
ment :  and  hereby  it  is  essentially  distinct  from  an  animal  with  which,  in 
organisation,  it  is  closely  connected.  The  primary  elementary  principle,  or 
simplest  form  of  the  animal  as  of  the  plant,  is  that  of  a  minute  vesicle  or 
cell,  containing  a  fluid  in  which  are  some  granular  substances.  And  at  this 
stage  it  cannot  be  distinguished  from  a  plant  in  a  similar  condition,  except  - 
by  the  &culty  of  voluntary  movement,  the  power  of  changing  its  place. 
The  animal  has  a  locomotive  power;  sometimes,  indeed,  it  is  a  very  limited 
sphere  to  which  it  is  confined ;  yet  it  may  change  its  place  for  another  more 
condacive  to  the  exigencies  of  its  being. 

It  is  sufficient  for  the  present  to  have  shown  the  most  general  character- 
istics by  which  plants  are  distinguished  from  the  other  objects  that,  with 
them,  compose  the  great  kingdom  of  Nature.  A  precise  and  clear  appre- 
hension of  their  varied  forms  and  wonderful  phenomena,  can  only  be  obtained 
by  a  careful  analysis  of  the  nature  and  structure  of  the  subjects  of  the 
vegetable  kingdom.  This  we  will  endeavour  to  supply  in  the  following 
Bections. 

L  The  Internal  and  External  Structure  of  Plants  (Anatomy 

and  Organography). 
IL  ViTALitY  OP  Plants  (Physiology). 
ni.  Classification  of  Plants  (Systematic  Botany). 
IV.  Description  of  Plants  (Descriptive  Botany). 

L  THE  INTERNAL  AND  EXTERNAL  STRUCTURE  OF 

PLANTS. 

anatomy  and  organogeapht. 

5.  In  water  which  has  for  a  considerable  time  remained  stagnant,  men 
flocculous  bodies  are  produced,  which,  to  the  naked  eye,  appear  like  highly 
attenuated  and  tender  threads.  When  viewed  through  a  microscope  they 
present  the  appearance  of  rows  of  small  globular  or  ovate  vesicles,  like  beads 
strung  on  a  thread.  Similar  threads,  possessing  a  beautiful  blue  colour, 
and  consisting  partly  of  spherical  and  partly  of  oval  vesicles,  may  be  seen, 
even  with  the  unassisted  eye,  and  very  distinctly  under  a  weak  magnifying 
power,  when  we  examine  the  hairs  which  invest  the  stamens  of  Tra^Kantia 
virginicoy  (Spider-wort),  an  ornamental  plant  with  tripetalous  violet-blue 
flowers,  which  is  frequently  cultivated  in  ^urdens. 

AUhougb,  on  a  cursory  view,  some  parts  of  plants  have  the  appearance 
of  a  more  or  less  dense,  uniformly  simple,  solid  conformation,  yet  by  the  aid 
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of  magDifyiDg  glasses  we  find  that  such  is  not  the  case.  The  microsccme 
shows,  that  even  the  compactest  and  hardest  portions  of  vegetables,  me 
woody  parts,  and  the  indurated  and  stony  shells  of  fruits,  are  a  combinatioQ 
of  an  infinite  number  of  minute  forms,  identical  with  the  primary  element 
above  mentioned,  and  capable  of  being  resolved  into  cells  like  those  of  which 
the  flocculous  matter  of  the  above-mentioned  algse  is  composed.  It  is  true 
that  a  great  diversity,  both  in  form  and  magnitude,  is  apparent;  nevertheless, 
the  most  accurate  observations  have  shown,  that  these  diversities  are  only 
variations  or  modifications  of  the  vesicular  minute  forms  constituting  the 
water-plant  above  noticed.  This  elementary  principle  has  received  the  name 
of  ptant-cellj  or  briefly  the  cell. 

Hence,  the  cell  is  properly  regarded  as  the  elementary  or  fundamental 
organ  of  vegetation ;  and  the  knowledge  of  the  origin,  the  structure,  the 
functions,  and  the  metamorphoses  which  this  organ  undergoes  during  the 
period  of  its  life,  constitutes  the  foundation  of  scientific  Botany.  The  title, 
compound  organs  of  vegetation,  is  applied  to  those  peculiarly  formed  parts, 
which  are  present  in  most  plants,  and  which  have  special  functions  assigned 
to  them  in  the  economy  of  vegetation.  They  are,  for  example,  the  leaves^ 
the  blossoms,  &c. 

a.  SIMPLE  ORGANS  OF  VEGETATION. 

6.  An  infinite  number  of  parts,  selected  from  different  plants,  has  been 
examined  by  the  aid  of  the  microscope,  and  all  of  these  parts  so  examined 
have  been  found  to  consist  of  innumerable  small  cavities,  which  in  figure 
vary  so  considerably,  that  they  have  been  distinguished  by  peculiar  names. 
Farther  observations  have,  however,  shown  that  they  are  all  in  fact  but 
modifications  of  the  one  elementary  form — viz.,  the  plant-ceU,  which  first  of 
all  claims  our  attention  as  the  origin  or  basis  of  all  the  simple  organs  of 
vegetation;  the  most  important  modifications  or  varieties  of  this  primaiy 
organ  are  the  vascular  and  woody  tissues,  the  cambium  cells,  and  lactiferous 
ducts,  or  milk-sap  vessels.  In  addition  to  these  we  have  to  investigate  the 
cellvlar  tissue,  cellulose  or  membrane,  that  originates  in  the  connexion  of 
the  cells,  together  with  the  intercellular  passages,  interposed  between  the 
cells  or  vascular  tissues. 

The  Cells. 

7.  Without  entering  upon  the  obscure  subject  of  the  origin  of  the  cell,  a 
matter  not  yet  satisfactorily  explained,  we  find  that  its  simplest  form  is 
globular,  and  that  its  diameter  varies  from  the  I-300th  to  the  I-50th  port 
of  a  line.  This  vessel  is  composed  of  a  membrane,  colourless,  and  of  extreme 
tenuity :  every  vessel  is  a  distinct  individual,  apparentiy  incapable  of  further 
structure  or  extension,  and  without  any  visible  perforations.  The  internal 
wall  of  the  living  cell  is  lined  with  a  viscid,  mostly  yellowish-coloured  fluid, 
which  seems  not  unfrequentiy  to  be  endowed  with  a  peculiar  motion,  and 
which  is  called  the  circulation  of  the  cell-sap.  Between  the  cellular  tissue 
of  the  cell  and  the  above  mentioned  fluid,  a  new  layer  is  deposited,  which 
increases  the  thickness  of  the  cell.  Upon  this  there  is  formed  a  tiiird  or 
even  a  fourth  new  layer ;  and  sometimes  these  internally  formed  layers 
amount  to  the  number  of  thirty :  in  which  case  the  internal  cavity  of  the 
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cell  is  completely  filled  np  with  these  internal  layers  so  deposited.  The  most 
remarkable  phenomenon  connected  with  these  formations^  is,  that  these  new 
cellular  linings  are  not  all  equally  deposited  upon  the  tissues  previously 
formed.  Hence  the  tissue  appears  in  some  parts  clearer  or  more  transparent 
than  in  others,  where  the  internally  deposited  layers  are  more  complete. 
The  matter  forming  these  interior  membranes  is  called  protoplasms,  and  ipa 
more  or  less  complete  development  produces  the  cellular  modifications  called 
porons,  or  dotted,  barred,  annular,  or  spiral  or  recticiUated  cells.  The  . 
dotted  cells  were  named  porous  cells,  when  these  transparent  parts  of  the 
cells  were  believed  to  be  real  perforations  of  the  cellular  tissue. 

The  regular  form  of  these  re- 
cent or  subsequent  additions  to 
the  cell  appears  to  be  the  follow- 
ing, viz.,  that  of  spiral  elastic 
filaments  deposited  on  the  inter- 
nal surface  of  the  cell-wall  in 
close  or  open  coils  as  the  case  may 
be,  but  frequently  in  lateral  con- 
tact, and  even  cohering,  so  as  to  j^  2.  8. 
form  a  tube  of  spiral  coils.  On 
this  principle  the  above-mentioned  forms  of  the  tissue  are  explicable. 

8.  As  this  appears  to  be  the  law  of  the  internal  structure  of  the  cell,  we 
have  next  to  consider  its  internal  formation  and  aspect.  In  the  fleshy  parts 
of  plants,  and  especially  in  many  fruits,  as  the  apple,  pear,  &c., 
and  in  the  water-plants  (alg»)  mentioned  in  §  5,  the  cells 
assume  a  globular  shape  as  represented  in  fig.  1. ;  and  through 
their  mutual  pressure  on  each  other  they  become  angular :  a 
section  shows  that  they  are  mostly  hexangular,  as  represented 
in  fig.  2.  The  tissue  may  be  compared  to  the  bubbles  formed 
by  the  agitation  of  soapy  water;  and  their  mutual  pressure, 
whereby  thev  assume  the  hexagonal  shape,  may  be  very  exactly 
represented  by  a  number  of  globules  of  moist  clay  more  or  less 
compressed.  In  this  manner  every  individual  cell  assumes  a 
polygonal  shape  corresponding  to  the  form  of  the  cells  repre- 
sented in  fig.  3 ;  and  which  disposition  is,  in  many  plants,  pre- 
served with  the  utmost  regularity.  Such  cells  as  are,  with 
tolerable  equality,  extended  in  all  directions,  are  named  paren^ 
chyma,  and  of  these  are  composed  the  tuberous  parts  of  plants, 
as  the  potato,  dahlia-roots,  &o.,  and  especially  the  soft  spongy 
part  of  fruits,  the  pith,  the  fleshy  portions  of  the  leaf,  bark,  &c. 
Over  and  under  or  around  these  cells  are  arranged  the  elon- 
gated pointed  cells,  which  are  denominated  tooodi/ fibre  or  lig- 
neous tissue  (prosenchyma),  fig.  4.  These,  which  are  also 
hexangular,  are  very  compactly  disposed,  and  constitute  the 
chief  portions  of  the  mote  solid  parts  of  plants,  as  the  ligneous 
parts  of  trees,  shrubs,  &c.  The  very  long,  flexible  cells,  or 
tissue  of  flbres,  which  constitute  flax,  hemp,  and  the  inner  bark  of  many 
trees,  are  called  the  internal  cortical  layers,  and  appear  under  the  microscope 
as  round  threads  of  uniform  thickness,  whereas  all  fibres  of  cotton  wool, 
when  magnified,  present  the  appearance  of  flattish  bands  with  somewhat 
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rouoded  margins.    By  these  marks,  the  union  of  flax  and  cotton  in  the  same 
web  or  piece  of  cloth  may  readily  be  detected. 

In  particular  places,  the  tissue  assumes  occasionally  very  abnormal  shapes, 
/     as  the  stellate  or  star-formed  cells.    These  are  generally  described  as  isrrt- 
gular  cdU, 

•  The  Contents  op  the  Cells. 

9.  We  very  often  find  in  the  interior  of  the  cells  a  colourless  transparent 
fluid,  which  is  called  the  cellular  sap.  This  fluid,  which  consists  chiefly  of 
water,  holds  in  solution  more  or  less  of  certain  soluble  vegetable  substancesi 
such  as  gum,  sugar,  albumen,  mucilage,  acids,  and  salts,  and  many  other 
substances,  which  we  have  already,  in  Chemistry  (§  118—146),  shown  to  be 
productions  of  the  vegetable  kingdom. 

But  in  addition  to  these  constituents  above  mentioned,  we  oflien  meet  with 
r  solid  substances  in  the  cells — as,  for  example,  small  regularly- 

formed  crystals  separated  from  the  sap,  sometimes  roundish 
granules,  in  which  form  the  starch  and  the  leaf-green^  the 
colouring  matter  of  the  leaves  TChlorophyl,  p.  250),  most  oom- 
.  monly  appear  as  in  fig.  5,  in  woich  c  represents  the  cells  con- 
^  /i  \T¥i  /  «  taining  chlorophyl,  and  rr  the  ^^phJdJff"  cells.     The  starch 
rw  n^  '  ^  easily  distinguished  by  assuming  a  violet  colour  on  the  ap- 
plication of  a  solution  of  iodine.    Bound  particles  of  fatty 
matters  or  of  volatile  oils  are  also  perceptible  in  the  cellular 
r      contents  of  many  parts  of  plants;  and  the  sap  itself  often 
5.  appears  coloured  by  the  agency  of  some  colouring  matter 

which  it  retains  in  solution.  Atmospheric  air  is,  besides,  fre- 
quently found  in  the  cells )  and  especially  when  these  are  old  and  contribute 
but  little  to  the  vital  activity  of  the  plant 

In  young  cells,  universally,  are  found  cellular  nuclei  or  nucleal  vesides 
(cytoblast),  which  are  intimately  connected  with  the  origin  of  the  cell^  and 
at  a  later  period  mostly  disappear. 

The  Functions  of  the  Cells. 

10.  As  the  magnitude  of  every  plant,  whether  small  or  great,  is  only  an 
aggregate  of  all  its  individual  cells,  so,  also,  the  entire  Ufe  of  a  plant  is 
nothing  else  but  the  sum  or  aggregation  of  the  activities  of  all  the  cells  of 
which  it  b  composed.  The  special  province  of  the  cells  is  to  receive  from 
the  soil  or  atmosphere  the  water  necessary  for  the  various  vegetative  pur- 
poses, together  with  the  nutritious  materials  dissolved  in  the  watery  and 
aerial  fluids,  and  to  circulate  or  disperse  them  through  the  whole  body  of 
the  plant.  The  vegetable  circulation  is  not  carried  on  through  the  agency 
of  the  tubular  channels  existing  in  plants,  but  only  by  the  passage  of  sap  in 
all  directions  from  one  cell  to  another. 

Since  the  cells  have  no  openings,  it  is  somewhat  difficult  to  explain  in  what 
manner  the  fluid  can  enter  into  the  plant  from  without,  and  by  what  means 
it  can,  from  cell  to  cell,  maintain  an  internal  circulation.  This  action,  how- 
ever, is  dependent  on  the  peculiar  quality  both  of  vegetable  and  animal  tis- 
sues and  fibres,  viz.,  that  they  are  permeable  by  many  fluids,  without  being 
dissolved  by  them.  Experiments  show  that  this  permeative  action  is  carried 
on  and  regulated  by  definite  principles.    When,  for  example^  two  fluids  of 
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tmequal  demUies,  as  an  aqueous  solutiou  of  sugar  and  mere  water,  are  sepa- 
rate from  each  other  hy  a  diaphragm  of  pig's  hiadder,  we  perceive  a  con- 
stant tendency  on  both  sides  to  restore  the  equilibrium  in  the  density  of  the 
two  fluids.  A  portion  of  the  water  penetrates  the  bladder  mixing  with  the 
solution,  and  a  portion  of  the  latter  finds  its  way  to  the  former  by  the  same 
medium.  In  this  experiment  one  important  fact  is  to  be  observed,  viz.,  that 
the  fluid  of  less  density  always  passes  through  the  separating  medium  more 
rapidly  than  the  denser  of  the  two ;  consequently,  in  this  experiment  more 
water  passes  through  the  bladder  to  the  saccharine  solution,  and  less  of  the 
latter  to  the  water.  This  permeative  capability  of  the  tissue  of  vegetables 
and  animals  is  called  endosmose. 

The  fluid  contents  of  the  cells  are  always  denser  than  the  mere  water  which 
is  in  external  contact  with  the  roots  or  leaves;  consequently,  the  latter,  urged 
by  the  law  of  transudation,  or  endosmose,  enters  the  most  contiguous  cells, 
whence  it  passes  further  into  the  circulation  of  the  plant.  This  operation, 
however,  would  soon  restore  the  equilibrium  between  the  water  within  the 
plant  and  that  which  is  supplied  from  without,  and  thus  prevent  any  further 
supply,  if  an  agency  lodged  in  other  organs,  for  evaporating  the  superfluous 
fluids,  were  not  constantly  encaged  in  maintaining  the  relative  densities  of 
the  cellular  contents,  and  of  the  external  nutritive  materials. 

11.  The  cells,  however,  not  only  in  this  manner  circulate  the  sap  through 
the  whole  plant,  but  also  further  essentially  alter  the  nature  of  the  sap  con- 
tained in  the  cells ;  so  that,  both  in  difflsrent  plants  and  in  different  parts 
of  the  same  plant,  and  even  in  the  same  parts  of  the  same  plant,  at  different 
times,  we  find  substances  essentially  differing  in  character  from  each  other. 

The  circulation  of  the  sap  through  the  cells  is  accomplished  with  mode- 
rate celerity.  This  is  ascertainable  by  remarking  in  spring  the  time  occu- 
pied, by  the  sap,  in  reaching  incisions  made  at  different  distances  in  the 
stems  of  trees.  It  may  also  be  calculated  by  observing  the  thne  which 
elapses  during  the  restoration  of  a  drooping  plant,  which  has  been  placed  in 
water  for  this  experiment 

The  force  with  which  the  cells  absorb  and  circulate  fluids  may  be  ascer- 
tained by  the  followintr  experiment  In  spring  let  the  freshly-cut  end  of  a 
vine-branch  be  inserted  into  a  vertical  glass  tube,  and  closely  bound  to  the 
same  by  means  of  a  piece  of  skin  or  caoutchouc.  The  water  passing  out 
from  the  cut  surface  of  the  shoot  will  ascend  in  the  glass  tube  even  to  the 
height  of  from  30  to  40  feet ;  and  hence  it  is  inferred  that  the  ascent  of  the 
sap  in  vegejbables  is  impelled  by  a  force  which  is  somewhat  greater  than  the 
pressure  of  the  atmosphere.  (Phys.  §  84.) 

Vasoulab  Tissue  (Fibrous  Tissue). 

12.  This  somewhat  inappropriate  name  has  been  given  to  a  variety  or 
modification  of  the  cells,  which  are  never  observed  in  very  young  plants,  nor 
in  certain  parts  of  plants  during  any  period  of  their  existence,  but  are  of 
later  origin,  being  developed  by  a  change  in  the  direction  or  extension  and 
functions  of  the  original  cells.  These  forms,  called  vascular  tissue,  are 
composed  of  bundles  of  cylindrical-shaped  cells,  either  pointed  at  their  ex- 
tremities and  overlapping  each  other,  forming  conical  cells,  or  terminating 
at  their  points  of  contact;  these  are  the  usual  forms  of  woody  tissue,  fibres 
of  flax,  ao. 
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Accordingly,  «9  these  vascular  organs  are  provided  with  perfoimiioDB, 
rings,  or  spirals,  thej  are  distingaished  by  the  names  of  paroiUy  or  rather 
pittedj  scalariform  (like  the  steps  of  a  ladder),  fig.  6 ;  annvlary  or  ring- 
formedj  fig.  7a;  and  spiral'formedj  fig.  7  h. 

13.  We  have  already  stated,  in  §  7,  that  there  is  a  spiral  fibre  coiled  up 
on  the  inside  of  the  cellular  membrane,  and  that  this  spiral  lining  by  sac- 
cessive  layers  of  the  same  nature  became  stronger  than  the  odl  itself. 
Hence  it  was  originally  supposed  that  the  spiral  vessels  consisted  of  minute 
fibres  wound  around  the  cell,  like  a  metallic  wire  around  a  violin-8triD|. 
Only  in  a  more  recent  period  has  the  {rue  cellular  membrane  been  detected, 
which  is  composed  of  pure  cellulose  matter  covering  the  spirals  or  traches. 
The  spiral  elastic  fibres  are  easily  discoverable  in  the  leaf-stalk  of  a  gera- 
nium or  of  any  other  fibrous  and  fleshy  petiole,  by  making  a  slight  incision 

around  the  stalk,  and  pulling  the  parts 
gently  asunder,  when  the  fibres  or  bundles 
of  fibres  will  be  visible  even  to  the  unas- 
sisted eye,  like  the  fine  threads  of  a  spider's 
web.  But  their  true  construction  can  only 
be  satisfactorily  seen  by  the  aid  of  a  power- 
ful microscope.  In  a  section  these  vessels 
appear  either  round,  or,  more  frequently, 
hezangular  (as  in  figs.  6  and  8). 

13.  The  contents  of  these  vessels  is  at- 
mospheric air,  and  they  take  no  part  in  the 
circulation  of  the  sap.  Their  forms  also 
arc  complete ;  that  is,  they  are  not,  like  the 
cells,  capable  of  further  modification.  On 
this  account  they  are  of  subordinate  impo^ 
tance  in  the  general  economy  of  vegetation; 
and  this  is  evinced  by  the  fact  that  the 
lower  and  less  highly-developed  families  of 
plants  have  no  vascular  organs,  but  are  entirely  composed  of  cells,  hence 
they  derive  the  name  of  cellular  plants  (plantsD  cellulares).  To  these  fami- 
lies belong  the  Fungi,  the  Algae,  the  Lichenes,  the  Hepaticse,  the  Mosci* 
(the  mushroom  tribe,  the  sea-weeds,  the  lichens,  liverworts,  and  mosses), 
which  are  the  simplest  objects  of  the  vegetable  kingdom  both  in  structore 
and  organisation.  Where  the  vascular  tissue  is  present  the  form  is  more 
highly  developed.  The  vascular  organs  appear  simpk  only  at  their  first 
formation ;  they  subsequently  undergo  modifications,  and  receive  accessions 
of  newly-formed  vessels,  and  become  what  are  bundles  of  voKular  tissue, 
A  union  of  these  together,  or  a  ramification  of  one  from  another,  b  never 
met  with;  nor  do  they  ever  exclusively  constitute  any  portion  of  a  plant; 
they  are  rather  in  the  midst  of  or  surrounded  by  the  cells. 

Cambium  Cells. 

14.  External  to  the  bundles  of  woody  and  vascular  tissue  of  many  plants 
there  is  a  layer  of  cells,  containing  a  mucilaginous  semi-fluid  matter,  and 
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tanmng  a  tissue  called  cambium.  This  organ  is  in  oonstant  aotiyitj^  either 
in  forming  new  cells,  which  are  added  to  those  ahready  in  existence,  or  else 
in  continuing  the  growth  of  such  as  have  been  preyiously  formed.  This 
layer  is  interposed  between  the  wood  and  the  bark. 

Laticiferous  Cells  (Lactiferous,  or  Milk-vessels). 

15.  K  we  tear  a  leaf  or  stalk  of  Celandine,  Poppy,  Spurge,  &c.,  there  " 
appear  on  the  lacerated  parts  several  drops  of  a  thick  orange,  or  milk-white 
sap,  called  IcUex,  of  which  caoutchouc  always  forms  a  constituent  portion 
(CheuL  §  Wt^))  &Qd  hence  its  clammy  or  viscid  nature.     This  sap  is  yellow^  '^ ' 
ish  in  the  (Enanthe  crocata  (water  hemlock  or  dropwort),  and  in  a  few  pknts 

it  assumes  a  red  or  a  blue  colour. 

These  vessels  are  tubular  and  branched,  conveying  the  latex  or  milk-sap 
mto  all  parts  of  the  plant  Their  mode  of  development  shows  that  they 
oridnate  in  the  most  recently-formed  cellular  tissue  of  the  lactiferous  plants 
befere  the  existence  of  the  spiral  vessels.  These  passages  or  channels  con- 
tain a  fiuid,  colourless  at  first,  but  subsequently  producing  granules,  and 
finally  milky  sap;  and  they  are  at  first  formed  only  out  of  tno  intercellular 
interstices,  but  gradually  acquire  a  peculiar  lining  of  renuirkable  tenuity^ 
which  finally  becomes  a  moderately  strong  membrane. 

The  erroneous  opinion  that  this  sap  circulates  in  the  vegetable  similarly 
to  the  circulation  of  the  blood,  has  been  corrected  by  experiment  and  obser- 
vation. Its  peculiar  function  in  the  economy  of  the  plant  is  not  satisfacto- 
rily ascertained ;  only  its  agency  seems  subordinate^  from  the  fact  that  in 
most  pknts  it  is  not  present 

Cellular  Tissue. 

16.  This  tissue  originates  in  the  union  of  the  cells,  and  varies  materially 
both  in  form  and  function,  being  nuunly  dependent  on  the  prevalent  cellular 
formations. 

One  sort  of  tissue,  which  derives  its  origin  from  cells  of  the  simplest  form, 
and  which  is  universally  found  in  all  plants,  is  called  parenchyma  (see  §  8).  - 
When  the  cells  have  an  incompact  or  lax  position  on  each  other,  the  tissue 
is  imperfect,  whilst  in  the  perfect  tissues  the  cellular  walls  are  united  to 
each  other  as  completely  as  possible.  The  elongated,  regular,  or  articulated 
tissues  have  an  obvious  relation  to  the  form  of  the  simple  cell :  this  tissue 
is  called  proKnchtpna  (woody  tissue),  and  is  composed  of  the  thickened  and 
extended  membrane  of  the  woody  cells  (§  8). 

The  bundles  of  vascular  tissue,  on  the  contrary,  are  a  combination  of  the 
variously-formed  vessels  which  constitute  both  this  and  the  woody  tissue, 
and  are  easily  distinguished  by  the  mass  of  parenchyma  which  surrounds 
them.  They  exhibit  various  peculiarities  both  in  their  arrangement  and  in 
their  further  development,  and  by  these  diversities  large  families  and  classes 
of  plants  are  convenientiy  grouped.  In  one  of  these  groups  or  divisions  of 
phmts,  vis.,  the  Filices  (Ferns),  the  bundles  of  vascular  tissue  are  produced 
almost  simultaneously,  or  they  exhibit  little  or  no  increase  during  the  exist- 
ence of  the  plant  In  the  palms  and  grasses  they  receive  an  enlargement 
for  a  certain  time^  but  their  growth  terminates  long  before  the  plant  has 
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reached  malority.    In  our  f<»est  trees  this  issue  is  ootiiiQaally  inarearing 

while  the  life  of  the  plant 
endures.  The  first  mode 
of  increase  in  these  ves- 
sels is  named  ttmultane- 
aus,  the  second  Itmitedj 
the  third  unlimited  de- 
velopment. 

In  a  cross  seotiony  re^ 
presented  by  fig.  8,  there 
is  seen  a  large  opening  or 
passage  composed  of,  or 
having  its  membranei 
formed  of,  the  woody  ft»- 
9U6  by  which  it  is  sur- 
rounded; on  these  there 
is  a  layer  of  cambium 
cells  (§  14),  and  on  the 
latter  a  layer  of  cortex 
8.  (inner  cortical  layers  or 

bast-cells,  §  8).  The 
whole  is  surrounded  by  the  lax  or  round  uncompressed  cells  of  parenchy- 
matoos  tissues. 

17.  The  tissue  of  the  cuticle  or  epidermis,  which  externally  covers  all 
parts  of  the  plant  while  they  remain  green,  or  are  in  a  growing  condition, 
is  of  a  peculiar  nature,  and  demands  special  consideration.  This  organ  is 
formed  of  a  series  of  flattish  cells,  very  much  compressed,  and  in  close  con- 
tact, with  the  exception  of  some  portion^,  where  the  stomatay  or  mouths  or 


9. 


apertures  are  placed.  In  fig.  9  a  section  of  a  leaf  is  represented,  the  large 
transparent  empty  cells  of  the  epidermis,  and  above  these  the  parenchyma- 
tous cells  of  the  leaf  filled  with  greenish-coloured  granules.  In  four  places, 
fig.  10,  stomata  ($$$»)  are  seen,  which  have  their  openiogs  surrounded  by 
parenchymatous  cells  disposed  in  semilunar  forms.  Under  each  stoma 
(mouth)  there  is  seen  a  hollow  space  connected  with  the  intercellular  pas- 
sages of  the  leaf.  These  stomata,  above  represented,  are  so  numerous  on 
the  upper  side  of  the  leaf,  that  hundreds  have  been  counted  in  the  space  of 
a  square  line.  Through  these  minute  organs  an  intimate  connection  exists 
between  the  interior  of  the  plant  and  the  external  air. 
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18.  The  epidermal  cells  not  unfireqnentlj  exhibit  rery  abnormal  forma- 
tioDs.  For  example,  they  are  often  externally  projected  from  the  surface 
of  the  leaf  or  stem^  and  become  hairs  not  seldom  branching;  and  in  many 
plants,  as  in  the  stinging-nettle,  they  contain  an  irritating  sap.  Bristles, 
prickles,  glands,  warts,  and  especially  the  substance  which  forms  the  well- 
known  cork,  are  all  due  to  the  metamorphoses  of  this  exterior  integument. 

Inteeoellulab  Spaces. 

19.  The  round  and  angular  cells  are  never  so  closely  arranged  as  to  leave 
no  empty  spaces.  In  lax  tissue  these  are  tolerably  large,  but  in  that  which 
is  compressed  they  are  almost  entirely  invisible.  The  passages  formed  by 
these  intercellular  spaces  are  mostly  triangular,  in  intimate  combination  with 
each  other,  and  are  either  filled  with  air  or  with  a  watery  fluid. 

We  find  besides,  in  the  stems  of  many  plants,  and  especially  in  aquatics, 
between  the  masses  of  cellular  tissue,  numerous  and  sometimes  very  large 
and  regular  channel-tubes  which  contain  air.  These  air-cells  or  passages 
traverse  the  whole  extent  of  the  stem,  and  in  a  section  of  the  Spanish 
reed  (Arundo  donax),  and  in  the  stem  of  the  water-lily,  are  perceptible  by 
the  naked  eye. 

By  decay  and  by  rupture  of  the  cellular  tissue  there  are  frequently  formed 
in  the  inside  of  stems  kumnas  or  hollows,  which,  as  in  grasses  and  umbel- 
liferous plants,  sometimes  occupy  the  whole  interior  of  the  culm  or  stem. 

In  these  empty  spaces,  produced  by  the  rupture  and  decay  of  the  cellular 
membrane,  reccfptacles  of  various  forms  are  found  which  are  filled  with  oil, 
lesin,  gum,  and  other  vegetable  secretions. 

B.  COMPOUND  ORGANS  OP  VEGETATIONS 

20.  These,  which  constitute  the  larger  and  more  conspicuous  parts  of 
plants,  are  divided  into  organs  of  nutrition  or  vegetationy  those  concerned  in 
the  nourishment  and  growth  of  the  plant,  and  organs  of  increase  and  repro- 
ductum^  whose  function  is  the  production  of  new  individuals.  In  our 
description,  these  organs  assume  a  threefold  aspect,  viz.,  their  external  form, 
their  internal  structure,  and  their  functional  agency  in  the  general  economy 
of  the  vegetable  kingdom. 

Obgans  op  Nutrition. 

21.  In  the  more  highly-organised  classes,  the  root  is  deemed  one  of  the 
essential  organs,  inasmuch  as  it  contributes,  by  absorption  or  imbibition,  the 
principal  part  of  the  nourishment  necessary  for  the  growth  of  the  plant 
J^sides  thb  or^n,  the  stem  and  leaves  perform  a  more  or  less  important 
part  in  the  nutntive  processes,  and  are  also  included  in  this  section.  The 
stem,  so  long  at  least  as  it  remains  in  a  green  pulpy  state,  is  likewise  capable 
of  receiving  the  materials  of  nutrition  from  without,  and  in  all  states  and 
stages  is  the  active  medium  of  communication  between  the  root  and  the 
leaves.  These  last  named  organs  contribute  but  little  direct  external  nutri- 
ment, but  their  indirect  influence  on  the  growth  and  health  of  the  plant,  by 
their  capacity  of  evaporating  the  excess  of  waterv  fluids  by  accelerating  the 
motions  of  the  sap  from  below  upwards,  and  by  elaborating  the  various 
vegetable  secretions,  is  indispensable  to  the  healthy  existence  of  every  one 
of  the  vegetable  organs. 


428 


BOTANY. 


Boot,  or  Descending  Axis. 

22.  With  the  exception  of  the  lower  femilies  of  the  less  highly-organised 
plants,  some  Fungi,  Lichens,  or  Algse,  for  example,  which  consist  merely 
of  a  mass  of  cellular  tissue  without  any  definite  shape  or  arrangement,  or 
are  composed  of  a  succession  of  flocculous  or  crustaceous  layers^  all  plants 
have  a  tendency  to  a  direction  which  is  always  perpendicular  to  the  surface 
of  the  earth.  This  line  of  direction  is  called  the  axis  of  the  plant,  and  is 
either  upwards,  forming  the  stem,  or  downwards,  forming  the  root  or 
descending  axis. 

The  radical  part  possesses  two  tendencies :  the  one  is  to  grow  towards  the 
earth's  centre,  and  the  other  is  to  avoid  the  light.  The  stem,  on  the  other 
hand,  possesses  two  precisely  opposite  tendencies,  viz.,  to  grow  upwards  and 
to  come  to  the  light.  The  limit  between  the  root  and  the  stem  is  called  the 
collum  or  neck,  and  when  this  part  is  distinguished  by  a  swelling,  as  in  the 
Carrot,  Turnip,  &o.,  it  has  received  various  names  expressive  of  its  form  or 
structure. 

The  lateral  parts  of  plants,  such  as  branches,  that  grow  round  about  or 
out  of  the  axis,  are  called  secondary  axes  or  lateral  organs. 

23.  In  reference  to  their  external  appearance  roots  are  either  nrnpU  or 
compound.. 

The  simple  root  is  either  entire  or  divided.  In  the  latter  state  it  has  a 
greater  or  less  number  of  branches.  The  tap-root  is  a  prolongation  of  the 
central  axis  or  principal  root  which  descends  perpendicularly.  The  lateral 
roots  are  called  ramifications  of  the  tap-root :  both  forms  are  represcDted 
in  fig.  12. 

The  commonest  forms  of  the  root  are  the  fibrous  or  thread-shaped  root; 
the  cylindricj  fig.  II ;  the  spindle-shapedf  fig.  12 ;  the  conical,  or  tapering 
root,  fig.  13;   the  globvlary  or  turnip-shaped,  fig.  14.     Tho  granular^ 


11. 


12. 


18. 


14. 


tubercular,  and  the  palmate  forms ;  the  three  last  are  exemplified  by  the 
roots  of  Saxifraga  granulata  (saxifrage),  Solanum  tuberosum  (potato),  and 
the  last  by  several  of  the  Orchids. 
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The  compound  roots  originate  in  a  muItipIicatioQ  of  the  simple  roots^  and 
are  either  fibrous  or  fasciculate j  the  latter  owing 
its  origin  merely  to  an  enlargement  of  the  fibres. 
The  accompanying  %  (15)  represents  the  com- 
pound root  with  its  rootlets  invested  with  hairy 
appendages  called  fibrUs, 

Whilst  the  majority  of  roots  penetrates  the 
soil,  there  are  not  a  few  plants,  especially  acqua- 
tics,  which  develope  these  organs  in  the  water : 
these  are  called  floating  or  swimming  roots.  Also 
many  plants,  particularly  trees  that  grow  in  the 
torrid  zone,  develope  from  different  parts  of  their 
stem  roots  instead  of  branches.     These  eerial  25 

roots  as  they  are  termed,  are  prolonged  till  they 

reach  the  surfece  of  the  earth,  when  they  strike  root  in  the  soil.*  In  Ivy, 
Dodder,  and  other  plants  of  a  similar  nature,  the  roots  form  what  are  called 
tuckers. 

The  interior  structure  of  the  root  agrees  in  all  essential  characteristics 
with  the  stem,  and  consequently  does  not  require  a  special  description. 

Functions  of  the  Root. 

24.  Koots  fix  the  plants,  either  in  the  soil  or  to  other  bodies  or  places,  by 
some  peculiar  means  of  attachment.  At  all  times  the  plant  derives  its  prin- 
cipal supply  of  nutriment  through  these  organs,  and  at  certain  times,  viz., 
during  the  infancy  of  the  plant,  it  is  nourished  exclusively  through  them. 
All  parts  of  the  root  are  capable  of  imbibing  the  water  in  its  immediate 
vicinity,  together  with  the  materials  held  in  solution  by  this  fluid.  Insolu- 
ble substances  cannot  enter  into  the  systems  of  plants.  The  roots  are 
always  developed  in  the  direction  of  those  places  whence  they  derive  their 
chief  supply  of  food;  that  is,  they  accommodate  themselves  to  the  nature 
of  the  medium  wherein  they  are  developed.  Sometimes  they  penetrate  the 
hardest  soil,  and  insinuate  themselves  into  the  rents  and  clefts  of  rocks  in 
search  of  congenial  nutriment. 

Roots  are  said  to  have  also  the  power  of  ejecting  unsuitable  matters, 
namely,  such  as  they  cannot  assimilate  for  nutrition  and  growth. 

*  Perhaps  the  most  remarkable  instance  of  this  kind  is  the  banyan-tree  (Picas 
Indica).  One  of  these  trees,  at  present  existing  on  the  bonks  of  the  Nerbudda,  has 
branches  propped  by  adventitious  stems,  which  spread  so  far  as  to  afford  a  shaded 
space  of  2,000  feet  in  circumference.  Mr.  Forbes  states  that  the  hanging  roots, 
changed  into  stems  in  this  tree,  are  8,500  in  number.  The  banyan- tree  is  thus 
beautifully  alluded  to  by  Milton,  in  his  Paradise  Lost : — 


'  There  soon  they  choose 


The  fig-tree,  not  that  kind  for  fruit  renowned ; 

But  such  as  at  this  day  to  Indians  known, 

In  Malabar  or  Decan  spreads  her  arms, 

Branching  so  broad  and  long,  that  in  the  ground 

The  bended  twigs  take  root,  and  daughters  grow 

About  the  mother-tree,  a  pillared  shade 

High  over-arched,  and  echoing  walks  between." — Ed. 
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The  Stem. 

25.  We  have  already  mentioned,  in  §  22,  that  the  stem  is  that  port  of 
the  plant  which  has  a  tendency  to  elongation  in  a  direction  contrary  to  the 
root,  and  always  towards  the  light.  In  many  examples,  however,  the  exte- 
rior form  and  manner  of  extension  do  in  nowise  correspond  to  our  idea  of  a 
longitudinal  axis  perpendicular  to  the  earth's  surface.  It  is  5«quently  so 
short  as  scarcely,  or  at  all,  to  become  visible  above  ground,  and  in  this  case 
it  is  distinguished  by  the  name  of  subterranean  or  under-ground  stem. 

Two  forms  of  the  stem  are  especially  to  be  distinguished,  viz.,  the  lower 
under-ground  root-like  stem,  which  is  called  the  Stock  (Ehizome,  or  root- 
stock),  and  the  elongated  cylindric  above-ground  stem,  which  is  the  ttenu 
proper.  The  forms  of  the  stems  comprehended  in  both  of  these  principal 
divisions  vary  considerably  from  each  other. 

Forms  of  the  Rhizome  or  root-stock  are :  — 

1st.  The  bulbouSy  a  very  abbreviated,  orbicular,  or  globular  stem,  sur- 
rounded by  thick  parenchymatous  leaves,  which  in  their  axils  produce  buds: 
ex.,  the  Onion. 

2nd.  The  pseudo-hvlb,  similar  in  shape  to  the  bulb,  but  without  the  leaves 
and  leaf-buds :  ex.,  the  root  of  Orchis. 

drd.  The  root-stock,  or  Rhizome  proper,  is  only  a  variety  of  the  last  or 
under-ground  stem,  and  is  distinguished  from  the  true  root  by  the  production 
of  buds :  ex.,  roots  of  Iris,  &c. 

Forms  of  the  stem-proper  are :  — 

1st.  The  stem  of  mosses  i&  filiform  (thread-like),  leafy,  sometimes  simple, 
sometimes  branched,  but  never  attaining  to  any  considerable  size  or  strength. 

2nd.  The  culm,  which  bears  the  fructification  in  the  grass-tribe,  is  a  cylin- 
drical, hollow,  mostly  quite  simple,  and  usually  jointed  organ. 

8rd.  The  palm-stem,  which  is  peculiar  to  this  magnificent  plant  and  to 
the  tree-ferns,  mostly  occurs  as  a  simple  cylindrical  stem,  of  uniform  thick- 
ness, and  marked  on  the  exterior  of  its  circumference  by  the  scars  of  the 
leaves  with  which  it  was  once  surrounded. 

4th.  The  stalk,  which  is  usually  characterized  by  a  green,  herbaceous 
appearance ;  its  duration  is  mostly  limited  to  the  space  of  one  year.  This 
modification  of  the  stem  is  peculiar  to  an  immense  number  of  plants,  and  is 
susceptible  of  a  vast  variety  of  forms.  The  mode  of  its  development^  both 
external  and  internal,  and  the  disposition  of  its  secondary  or  lateral  axes 
^branches,  leaves,  &c.),  are  of  great  importance  in  systematic  and  descrip- 
tive Botany. 

5th  and  last  The  ligneous  or  woody-stem  is  the  most  complete  of  all  the 
forms  of  this  organ,  and  is  especially  distinguished  by  its  hardness  and  dura- 
bility. It  occurs  in  all  trees  and  shrubs,  with  the  exception  of  palm  and 
tree-fern  stems,  which  have  been  noticed  above. 

26.  In  describing  all  or  any  of  the  above-mentioned  varieties  or  forms  of 
the  steui,  particular  attention  should  be  paid  to  the  individual  peculiarities 
which  distinguish  this  organ  in  different  plants.  Such,  for  example,  are  its 
substance,  direction,  situation,  and  duration. 

The  solidity  and  strength,  as  well  as  the  external  aspect  and  internal 
structure  of  the  stem,  are  naturally  dependent  on  its  substance,  and  these 
diversities  are  precisely  and  intelligibly  indicated  by  the  following  terms  or 
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epithets :  —  The  stem  is,  aoeordingly,  either  96l%d  and  firm  or  hxj  or  wofi^ 
holloxoy  tubular  J  woody,  fibrous,  herbaceous,  fleshy,  juicy,  flexible,  fragtlef 
rigid,  tough,  easify  pliable,  weak,  Ac. 

The  direction  is  described  as  upright,  procumbent,  or  trailing  on  the 
gronnd,  decumhent,  incumbent,  arched,  creeping,  datping,  &c. 

In  reference  to  situation,  the  stem  is  either  above  or  below  the  ground, 
floating  or  swimming,  climbing  or  clinging,  like  Ivy  and  Dodder,  winding 
to  the  right  or  winding  to  the  left. 

The  duration  of  the  stem  is  generally  equal  to  the  duration  of  the  plant, 
and  either  survives  the  production  of  the  blossoms  and  fruit,  or  perishes 
when  the  object  is  effected. 

Hence  plants  are  divided  into,  A — annual,  or  summer-plants,  and  distin- 
gnished  by  the  sign  Q^  ^^  Q-))  ^ — biennial  plants,  such  as  produce  blos- 
soms usufdly  in  their  second  year  —  these  are  distinguished  by  the  sign  Zj 
or  G  (2) ;  o — perennial,  or  more  permanent  plants,  are  distinguished  by 
the  sign  %  or  (O-c). 

Internal  Structubb  of  the  Stem. 

27.  The  inner  structure  of  the  stem  is  totally  independent  of  its  outward 
form.  The  diversities  which  we  perceive  in  its  structure  arc  entirely  attri- 
butable to  the 'mutual  relations  of  the  cellular  tissue  and  the  bundles  of  vas- 
cular tissue  which  constitute  the  mass  of  all  stems ;  and,  above  all,  to  the 
position  and  arrangement  of  the  vascular  tissues  in  reference  to  each  other. 

All  plants,  as  we  ^all  subsequently  explain,  are  divided  into  three  groups 
or  grand  divisions  called  classes,  which  are  distinsuisbable  from  each  other 
by  distinctions  in  their  embryos  or  seeds,  in  their  blossoms,  and  in  the  inte- 
rior structure  of  their  stems.     These  groups  are  the  following : — 

1st  Group  or  division  comprehends  the  Acotyledonous  plants,  viz.,  such 
plants  as  have  no  visible  blossoms  or  seeds,  but  reproduce  themselves  by 
means  of  embryonic  cells  or  spores ;  and  the  vascular  tissues  of  their  stems 
are  simultaneously  produced,  and  are  located  either  in  the  middle  of  the  stem^ 
or  in  very  large  masses  in  different  parts. 

2nd  Group  or  division  comprehends  the  Monocotyledonous  plants,  pro- 
ducing blossoms  and  seeds  which  germinate  with  only  one  embryonic  leaf  (or 
seed-lobe.  Cotyledon).  Their  bundles  of  vascular  tissue  are  not  simulta- 
neously produced,  but  they  are  deposited  without  any  regular  arrangement 
in  the  cellular  tissue  of  the  stem.     The  nervation  of  their  leaves  is  parallel. 

8rd  Group  or  division  comprehends  the  Dicotyledonous  plants,  which,  like 
the  second  group,  produce  blossoms  and  seeds.  They  develope  two  embryonic 
leaves,  sometimes  more.  The  duration  of  the  growth  of  their  vascular  tissue 
is  unlimited,  and  the  latter  is  regularly  deposited  on  the  stem  in  concentrio 
layers.    The  nervation  of  their  leaves  is  ramified  and  reticulated  (comp.  §  16). 

Stem  of  Acotyledonous  Plants. 

28.  To  this  division  belong  the  EquisetaceaB,  the  Lycopodiaceee,  the  Mnsci, 
in  which  the  bundles  of  vascular  tissue  occupy  the  centre  of  the  stem 
(fig.  16) ;  the  J^lices,  whose  vascular  system  is  arranged  partly  in  large  and 
partly  in  small  groups  (fig.  17).  A  section  of  the  frond  of  the  Eagle-fern 
(Pieris  aquilina),  especially  if  cut  aslant  and  near  the  root;  affords  a  mode- 


482 


BOTANY. 


rately  correct  representation  of  a  double  eagle  with  expanded  wings.  This 
is  the  vascular  tissue  of  the  frond  represented  in  fig.  18 ;  and  genenllj  these 
vessels  are  so  disposed  in  this  group,  that  every  family  forming  a  part  of  it 
may  be  with  certainty  recognised  by  this  characteristic. 


16. 


18. 


It  is  further  deserving  of  notice,  that  in  acotyledonous  plants  the  additions 
are  always  made  in  an  upward  dilution,  only  on  the  summit  of  the  plant, 
either  by  the  formation  of  new  vessels  or  by  tiie  elongation  of  such  as  have 
been  already  formed. 


Stem  op  Monocotyledonous  Plants.  ' 
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29.  To 


19. 


this  class  belong,  among  many  others,  the  grasses,  sedges,  mshes, 
and  bulbous  plants.  The  stem  of  the  palm,  however,  is 
best  adapted  for  exhibiting  the  peculiarities  by  which  this 
class  is  distinguished  from  the  other  two.  If  we  examine 
a  section  of  this  stem,  fig.  19,  we  perceive  a  great  number 
of  separate  bundles  of  vascular  tissue  dispersed  without 
order  among  the  cellular  tissue  of  the  parenchyma.  The 
growth  of  stems  belonging  to  plants  of  this  class  is 
effected,  not  by  the  increase  of  the  fibres  already  formed| 
but  by  vascular  and  other  tissues  which  are  produced  at 
the  circumference  and  reach  to  the  summit,  and  hence 
such  stems  increase  in  length  as  well  as  in  circumference.* 


Stem  of  Dicotyledonous  Plants. 
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30.  As  this  kind  of  stem  is  peculiar  to  all  our  common  trees^and  to  a  vast 
majority  of  plants  belonging  to  the  vegetable  kingdom,  it  requires  a  more 
detailed  illustration. 

In  all  these  stems  the  bundles  of  vascular  tissue  are  regularly  arranged  in 
concentric  layers  around  a  common  axis  or  centre,  which  is  formed  of  paren- 
chymatous  cells,  and  is  called  the  pith^  or  the  substance  enclosed  in  the  me- 
dullary sheath.  The  increase  or  growth  of  the  stem  is  effected  by  successive 
additions  of  vascular  tissue  to  the  circumference  or  outside  of  the  tree. 


*  Authors  are  not  agreed  regardiog  the  deyelopment  of  the  monocotyledonous 
stem. — £d. 
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On  examiDing  the  seotioD  of  a  one-year  old  diootyledonoos  stem,  magnified 
as  in  fig.  20,  we  perceive  several  parts  clearly  dis- 
tinguishable from  each  other. 

In  the  cellular  tissue  there  is  perceived  a  series 
of  vascular  bundles,  flattened  and  arranged  round 
the  axis  of  the  stem,  and  forming  the  medullary 
sheath  or  tube  containing  the  pith,  a  parenchyma- 
tous substance,  a.  The  tissues  on  Uie  oircumfe- 
rence,  h  b,  form  the  hark,  and  the  parenchymatous 
tissues,  ccy  surrounding  the  woody  layers  and  form- 
ing a  communication  between  the  pith  and  the  bark, 
are  meduUary  ray%. 

Among  the  bundles  of  vascular  tissue  (plenrenchyma)  there  are  several 
disdnct  ^urts  to  be  distinguished.  The  interior  part  forms,  as  above  noticed, 
the  medullary  sheath,  m,  round  which  the  woodv  layers,  n,  are  deposited, 
and  towards  Uieir  circumference  there  is  a  layer  of  cambium  cells,  o,  which, 
as  already  mentioned  in  §  14,  constitute  a  series  of  tissues  that  are  in  a  con- 
stant state  of  vigorous  activity.  This  portion  of  the  stem  consequently  acts 
the  most  important  part  in  its  further  development,  for  through  its  layers 
almost  exclusively  the  upward  and  downward  motions  of  the  sap  are  effected 
and  the  diameter  of  the  stem  increased.  In  many  plants  belonging  to  this 
fiimily  there  occur  the  liber,  or  inner  cortical  layers  (§  8,)  which  constitute 
what  is  termed  h(ul» 

We  thus  distinguish  the  three  chief  constituent  parts  of  the  stem,  viz., 
Ae  jnVA,  the  yjoood,  and  the  hark, 

81.  The  growth  of  a  permanent  dicotyledonous  stem  is  continued  by  a 
sucoessive  annual  deposition  of  woody  layers  on  that  formed  the  previous 
year.  And  every  new  layer  is  deposited  between  the  former  and  the  cortical 
layers,  or  bast  or  inner  bark,  and  this  deposition  is  effected  in  the  cambium 
layers,  o,  and  consequently  between  the  wood,  n,  and  the  inner  bark. 

Thus  every  year  a  new  layer  is  deposited  between  the  previous  formation 
and  the  bark ;  and  a  section  will  exhibit  these  concentric  rings  of  wood 
obviously  distinct  from  each  other ;  and  as  one  year  is  requisite  for  the 
formation  of  a  single  layer  of  wood,  these  depositions  are  named  annual 


21. 


layers  or  rings.     In  fig.  21  we  have  a  representation  of  a  stem  three  years 
old,  and  in  ^,  22  one  of  five  years  of  age. 

As  the  cortical  layers  and  the  parenchymatous  materials,  of  which  the 
outer  bark  is  composed,  are  but  slowly  increased,  and  form  altogether  but 
28 


484  BOTANY. 

an  inconsiderable  portion  of  the  bulk  of  the  stem^  their  annoal  inorease 
cannot  be  ascertained.  But  the  number  of  annually-deposited  woody  layers, 
or  coDcentrio  rings,  is  a  certain  indication  of  the  age  of  the  tree. 

The  pith  and  medullary  rays  obtain  little  or  no  increase  during  the  life 
of  the  tree ;  and  after  a  considerable  period  has  elapsed  the  pith  is  no  longer 
Tisible. 

The  medullary  rays,  however,  are  not  obliterated,  but  are  to  be  distin- 
guished in  stems  of  the  greatest  age.  To  these  are  attributed  the  longitudinal 
Issility  of  the  wood,  and  they  possess  a  shining  close  appearance,  from  which 
they  have  been  named  by  carpenters,  the  silver  grain  of  the  timber. 

32.  In  the  course  of  the  firet  year,  in  which  the  woody  and  other  fibrous 
tissues  are  formed,  their  sap  is  dried  up  and  they  become  hardened  or 
lignified.  These  tissues  subsequently  take  no  part  in  the  vital  functions  of 
the  plant,  which  are  carried  on  only  in  the  cambium  of  the  outermost  layer 
of  fibrous  tissue,  which  consequently  performs  the  most  important  part  in 
the  economy  of  the  plant. 

By  degrees  the  external  part  of  the  rind  dies,  splits  in  many  trees,  and 
assumes  a  brownish  colour,  and  in  this  condition  is  called  hark.  The  series 
of  layers  commencing  with  the  suberous  parts  in  an  old  stem  are  the  fdl- 
lowing :  vis.,  the  bark,  the  rind,  the  bast  (of  which  matting  is  frequently 
made),  the  cambium,  the  wood,  and  the  pith. 

Functions  op  the  Stem. 

83.  The  stem,  as  above  stated,  §  21,  is  the  medium  of  communication 
between  the  most  remote  parts  of  the  plant,  viz.,  the  root  and  the  leaves. 
But  the  entire  duty  of  maintaining  this  communication  devolves  upon  it  only 
during  the  first  year  of  its  existence :  at  a  later  period  this  function  is  per- 
formed almost  solely  by  the  cambium-layers  of  the  newly-formed  bundles  of 
woody  tissue,  and  by  the  layer  immediately  under  the  rind.  Our  old  hollow 
oaks,  elms,  and  willows  sufficientiy  prove  this  fiict.  In  these,  the  whole,  or 
almost  the  whole  of  the  wood  is  decayed ;  but  they  still  continue  to  live  and 
have  a  green  and  vigorous  old  age. 

But  let  us  suppose  that  the  bark  is  removed,  and  that  the  sappy  cambial 
layers  are  exposed  to  the  effects  of  the  sun  and  atmosphere,  we  shall  soon 
perceive  that  these  shrink,  shrivel,  and  dry  up,  and  arc  no  longer  in  a 
condition  to  afford  a  passage  for  the  sap.  If  the  rind  be  removed  all  round 
about  the  stem,  the  death  of  the  tree  is  the  inevitable  consequence.  Hence 
carpenters  uswdly  bark  the  freshly-cut  willow  poles  about  a  finger's  breadth, 
before  placing  them  in  the  ground,  to  prevent  them  from  taking  root  afresh 
and  producing  new  leaves.  These  sap-conveying  layers  are,  besides,  the 
abode  of  the  larvaa  of  many  insects,  which  often  devour  the  cambial  tissues 
all  round  the  tree,  and  thus  occasion  the  destruction  of  entire  woods  and 
forests. 

If,  however,  the  tree  be  accidentally  deprived  of  only  a  portion  of  its  bark, 
and  when  the  denuded  part  does  not  extend  all  round  the  stem,  the  bark 
may  be  renovated  by  the  activity  of  the  tissues;  and  this  will  be  considerably 
promoted  and  accelerated  by  protecting  the  wounded  parts  from  the  injurious 
effects  of  solar  and  atmospheric  influences  by  a  plaster  of  day,  marl,  or  any 
adhesive  compost 
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84.  The  lateral  deyelopments  surrounding  the  stem  or  hranches,  viz., 
organs  which  assume  an  expanded^  flattened  developmenty  in  contrast  with 
the  cylindrical  form  of  the  root  and  stem^  are  called  leaves.  Both  air  and 
light  are  necessary  for  their  development,  and  they  are  consequently  never 
found  perfectly  formed  on  the  suhterranean  parts  of  plants.  They  are  dis- 
tinguished hy  peculiar  names  which  signify  their  position  or  situation  on  the 
stem  or  branch.  Commencing  with  the  lowermost,  we  have,  1st.  The 
embryonic  leaf  or  seed-lobe  (Cotyledon),  which  generally  falls  off  after  the 
development  of  the  other  leaves.  2nd.  The  radical  or  root-leavesj  which 
grow  next  to  the  root,  and  are  generally  distinguished  by  a  form  differing  in 
some  respects  from  the  upper  leaves.  3rd.  The  8tem4eaves.  4th.  The 
stiptiUsy  which  grow  at  the  base  of  the  stem-leaves  in  certain  families  of 
plants.  6th.  The  Bracts  or  floral  leaves,  which  appear  on  the  upper  part 
of  a  stem  or  branch,  and  bear  in  their  axils  (axis,  the  angle  formed  by  their 
own  axis  and  the  axis  of  the  branch  or  stem  on  which  they  grow)  a  flower- 
or  fruit-bud.  Bracts  or  floral  leaves  are  distinguished  from  the  stem-leaves 
by  a  difference  or  modification  of  their  form,  and  sometimes  by  their  colour 
and  consistence. 

The  leaves  developed  on  the  very  extremities  of  a  chief  or  lateral  axis  vary 
from  other  leaves  so  remarkably,  both  in  shape  and  frmctions,  that  they  re- 
ceive a  different  name,  viz.,  blossoms,  and  are  described  as  independent 
organs.  All  the  above-mentioned  forms  of  foliage  do  not  exist  on  every 
plant;  and  as  the  stem-leaf  is  the  most  important  of  these  foliaceous  appen- 
daees,  this  organ  is  meant  when  we  speak  of  the  leaf, 

35.  Sometimes  the  leaf  appears  at  its  base,  i.  e.,  the  place  nearest  its  point 
of  attachment^  as  a  semicircular  investment  of  the  stem,  sometimes  it 
entirely  embraces  the  latter  organ  and  is  named  a  sheathing  leaf.  We  find 
examples  of  this  in  the  fiimily  of  grasses,  the  leaves  of  which  are  all  furnished 
with  sheaths  enveloping  part  of  the  stem.  The  leaf  in  general  is  connected 
by  its  base  with  the  stem  or  branch  through  the  intervention  of  an  organ 
called  ti  petiole  or  leaf-stalk ;  and  from  this  petiole  the  lamina  (blade)  or  leaf- 
proper  is  developed.  When  the  petiole  is  not  present,  the  leaf  is  said  to  be 
sessile  or  sitting ;  and  in  this  latter  case  the  leaf  often  forms  a  semicircular 
sheath  at  its  base,  half  surrounding  the  stem.  The  angle  formed  between 
the  leaf  or  leaf-stalk  and  the  stem  is  called  the  axil  of  the  leaf. 

36.  The  manifold  diversities  and  modifications  of  leaves,  both  in  form  and 
anangement,  are  so  manifest  as  not  to  be  overlooked ;  they  are  obvious  even 
to  the  most  heedless  observers.  They  not  only  afford  characteristic  marks 
which  distinguish  certain  genera  and  species  of  plants,  but  even  whole  families 
can  be  certainly  identified  by  their  means  alone.  Therefore  the  botanist  pays 
especial  attention  to  this  part  of  the  subject,  comparing  and  discriminating 
the  similarities  and  dissimilarities  which  occur  among  these  infinitely-nume- 
rous and  extremely-diversified  objects,  but  of  which  only  a  slight  sketch  can 
be  eiven  in  the  present  work. 

In  studying  this  organ,  special  notice  must  be  taken  of  the  distribution  of 
the  bundles  of  vascular  tissue  which  constitute  the  nerves,  as  also  of  the  form 
or  shape  of  the  leaf;  the  nature  of  its  margin,  of  its  point  or  extremity^  and 
of  its  base;  &c. 
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The  bundle  of  Tascolar  tissue  proceediug  from  the  Btenij^  and  constituting 
the  more  solid  part  of  the  petiole  when  present,  forms  the  nervation^  or  ner- 
vous system  of  the  leaf.  The  nerves  are  easily  to  be  distinguished  from  the 
rest  of  the  leaf  by  their  lighter  colour  and  closer  consistency. 

The  way  in  which  they  are  distributed  in  the  lamina  or  blade  is  two-fold. 
In  the  first  case  they  are  separated  at  the  base  of  the  leaf-blade  into  several 
parallel  or  curvilineal  nerves,  which  extend  longitudinally  and  again  unite 
or  come  together,  or  approach  towards  the  apex  (extremity  or  point  of  the 
leaf).  Examples  of  this  peculiar  nervation  occur  in  most  monoootyledonous 
plants,  as  Grasses,  Orchids,  &c.     ^Compare  §  27.) 

In  the  second  case  there  is  usually  a  principal  nerve,  or  middle  or  median 
nerve  (mid-rib),  which  oxtcnds  to  the  extremity  of  the  leaf,  and  sends  out 
ramifications  or  lateral  nerves.  These  lateral  nerves  are  either  parallel 
(pinnate-nerved),  or  form  a  sort  of  network  over  the  whole  blade,  and  are 
hence  called  reticulate  (disposed  somewhat  like  the  meshes  of  a  net).  This 
mode  of  nervation  is  peculiar  to  dicotyledonous  plants,  and  forms  one  of  the 
characters  by  which  this  class  is  most  readily  distinguished. 

In  all  the  forms  above  mentioned,  the  petiole  and  the  blade  form  only  one 
plane.  There  are  some  leaves,  however,  named  peUate  (like  a  shield  or 
buckler),  in  which  the  leaf-nerves  form  an  ande  with  the  petiole.  This 
form  is  exemplified  by  the  leaf  of  Hydroootyle,  Indiiui  cress,  &c. 

Such  terms  as  three^,  four^,  five-nerved,  palmate^nerved,  need  no  explana- 
tion. When  the  central  nerve  is  very  short,  and  the  lateral  nerves  are  strong 
and  subdivided,  the  nervation  is  called  pedate. 

Forms  of  Leaves. 

87.  The  shape  or  form  of  these  organs  is  always  regulated  or  modified  by 
the  divergence,  ramification,  and  greater  or  less  extension  of  the  divisions  of 
the  primary  nerve  or  mid-rib,  and  also  by  the  position  and  length  of  the 
branching  or  secondary  nerves.  When  the  median  nerve  and  its  divisions 
or  its  branches  diverge  in  the  same  plane,  the  leaf  is  fiat  and  thin ;  when 
the  divisions  or  the  ramifications  lie  in  different  planes,  or  diverge  in  cQfferent 
directions;  the  leaf  is  either  orbicular  or  peUate,  or  sometimes  poZmate,  digi' 


tate,  and  pedate  forms  are  produced  (see  figs.  23,  26,  27,  28),  or  else  suc- 
culent leaves,  like  those  of  Sedum  acre  (see  figs.  29,  80).  The  complete 
leaf  consists  of  two  parts — first,  the  petiole  or  leaf-stalk,  which  connecU  the 
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28. 


29. 


80. 


flattened  or  expanded  portion  to  the  stem  or  branch,  and,  second,  the  lamina 
or  blade  of  the  leaf  (see  fig.  24  f).  The  petiole  is  composed  of  the  united 
bundles  of  yascolar  tissues ;  the  blade  is  formed  by  the  extension,  divari- 
eation,  and  reticulation  of  the  vascular  bundles,  the  interstices  being  filled 
up  with  cellular  tissue  (^parenchyma),  and  the  whole  covered  by  the  epider^ 
mis.  The  petiole  is  not  always  present  i  and  when  it  is  absent,  the  leaf  is 
testile  (sedeo,  I  sit).  When  sessile  leaves  embrace  the  stem  they  are  called 
ampiexicaul  (ampUcti,  to  embrace,  and  caulis,  a  stalk). 


488 


BOTANY. 


40. 


41. 


42.       48.       44. 


45. 


88.  The  most  obvious  division  of  leaves  is  into  simple  and  componnd.  In 
the  former  case  the  blade  of  the  leaf  consists  of  but  one  piece,  either  entire 
or  variously  cleft  or  parted  (see  figs.  33,  34,  35,  36,  37,  38,  39).  Com- 
pound leaves  are  composed  of  one  or  several  pieces  called  leaflets,  jointed  or 
articulated  to  the  common  petiole  (see  figs.  64,  65). 

39.  Simple  leaves. — It  has  already  been  stated  that  the  figure  of  the  leaf 
is  modified  by  the  divisions  of  the  medium  or  primary  nerve,  and  by  the 
divergency  and  length  of  the  secondary  or  branching  nerves.  When  the 
parenchyma  is  equally  developed  on  each  side  of  the  mid-rib  or  leaf-stalk, 

the  leaf  is  called  equal  (fig. 
41),  if  otherwise,  the  leaf  is 
unequal  or  oblique  (fig.  37). 
The  common  and  dog  violets 
afford  examples  of  equal 
leaves,  elm  and  Begonia  of 
unequal  or  oblique  leaves. 
When  the  nerves  have  only 
a  very  slight  divergence,  and 
proceed  from  the  base  to  the  apex  in  lines  nearly  parallel  with  the  mid-rib, 
the  leaf  is  acicular^  as  in  the  pine  tribe,  or  linear  as  in  the  grasses  (fig.  46). 
A  When  the  (Kvergence  or  the  length  of  the  secondary  nerves  is  small, 
and  the  leaf  tapers  at  each  end,  it  is  called  lanceolate j  (lancea,  a 
spear),  (fig.  49.)  If  the  middle,  secondary,  or  branching  nerves 
only  slightly  exceed  in  length  the  other  lateral  nerves,  and  if  the 
base  and  apex  be  convex,  the  leaf  is  said  to  be  rounded^  ellipticalj 
or  oval  (figs.  47,  53,  41) ;  if  the  basal  nerves  be  the  longest,  the 
leaf  is  ovate  or  egg-shaped  (fie.  44) ;  on  the  contrary,  if  the  nerves 
at  the  apex  be  the  longest,  the  leaf  is  obovate,  or  inversely  egg-shaped. 
The  cuneate  and  gpathulate  (wedge-shaped  and  spathula-like  forms) 
are  onljr  modifications  of  this  latter  disposition  of  the  nerves  (see  figs. 
55,  40).  When  the  nervation  is  prolonged  downwards  at  an  obtuse 
angle  with  the  mid-rib  so  as  to  form  two  rounded  lobes,  the  leaf  is 
cordate  or  heart-shaped,  as  in  the  sweet  and  dog  violets  (fi^.  45); 
when  the  parenchyma  is  deficient  at  the  apex,  and  similar  rounded  lobes  are 

formed  at  the  summit,  the 
leaf  is  said  to  be  obcordatCf 
or  inversely  heart-shaped,  as 
in  the  leaflets  of  white  clover 
(fig.  35);  when  the  base  is 
strongly  lobed,  and  the  apex 
broadly  rounded,  the  leaf  is 
said  to  be  reaiform^  or  kid- 
ney-shaped (fig.  52);  when 
the  lobes  are  extended  down- 
wards and  terminate  in  acute  angles,  the  sagittate  or  arrow-shaped  leaf  is 
produced,  as  in  Sagittaria  sagittifolia  (fig.  48).  Succulent  leaves  are  pro- 
duced^ as  already  stated,  by  the  divergence  of  the  nerves  in  different  planes 
with  a  large  development  of  cellular  tissue,  and  their  forms  are  usually  «>»*• 
caly  prismatical,  ensi/orm  (ensiSf  a  sword),  acinaci/orm  (acinaces,  a  scimi- 
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tar),  or  dotahnform  (doldbra,  a  hatchet)  (figs.  29,  30).  When  the  lobes 
of  the  base  are  united 
so  as  to  surround  the 
stem,  the  leaf  is  per- 
foliate (fig.  66) ;  when 
two  leaves  grow  toge- 
ther at  the  base,  and 
thus  surround  the 
stem,  the  leaf  is  con- 
naUy  as  in  Honey- 
suckles ;  when  the  parenchyma  is  developed  so  as  to  fill  up  more  than  the 
interstitial  places  in  the  reti- 
culation, the  leaf  is  said  to  be 
crisp,  wavy,  or  curled,  as  in 
rheum  undulatum  (fig.  32), 
also  in  many  species  of  Ru- 
mex  (Dock)  and  Mallow; 
when  the  leaves  surround  the 
stem  in  a  radiating  manner, 
as  in  the  various  Ghilliums, 
the  leaf  is  whorled,  (fig.  51) ;  when  the  leaf  ends  abruptly  in  a  straight 
margin,  either  at  the  apex  or  base,  the  leaf  is  truncate  (figs.  54, 48) ;  when 
the  apex  is  only  slightly  notched,  the  leaf  is  called  emarginaie  (fig.  25) ; 
when  the  depression  is  very  slight,  it  is  called  retuse  (7'etususj  blunt),  fig. 
57) ;  when  the  point  of  a  leaf  is  very  long,  it  is  called  acuminate  (fig.  59) ; 
when  the  point  is  very  hard  and  sharp,  it  is  called  mucronate  (piucro,  a 
point),  (fig.  60). 

40.  The  margin  of  the  leaf  is  either  entire  or  it  is  variously  parted,  cleft^ 
notched,  crenated,  crenulate,  or  sinuous.  When  there  is  no  projection  nor 
incision  in  the  margin,  the  leaf  is  called  entire  (figs.  41-5) ;  when  the 
margin  is  furnished  with  rounded  prominences,  it  is  either'  crenated  or 
crenulate,  according  as  the  projections  are  greater  or  smaller,  and  the  indent- 
ations of  greater  or  less  depth, 
(fig.  59).  If  the  projections 
are  pointed  and  diverge  at  right 
angles  to  the  mid-rib  or  base, 
the  leaf  is  derUate  (dens,  a 
tooth)  (%  55.)  When  the 
projections  point  towards  the 
summit,  the  leaf  is  serrate 
(serra,  a  saw).  If  there  be  two 
series  of  teeth  on  the  margin, 
t.  e.  if  the  primary  teeth  are 
also  serrated,  the  leaf  is  then 
doubly  serrate  (^g.^V).  When 
the  projections  or  prominences 
are  far  apart,  the  margin  is  said 
to  be  sinuous  or  fiexxious  (figs. 
62,  57,  59).  If  the  incisions 
reach  half-way,  or  nearly  half- 
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way,  from  the  margin  to  the  mid-rib,  the  leaf  is  said  to  be  cZe/Sl,  or  divided 
(tig.  38),  and  separated  portions  are  called  lobes  ;  when  the  incision  reaches 
near  to  the  mid-rib,  the  leaf  is  partite,  or  parted  (fig.  39).  BasttUey 
auriculate,  l^rate,  and  panduri/orm  leaves  are  merely  varieties  of  the  cleft 
or  partite  leaf,  the  sinns  or  portion  of  the  leaf  not  filled  np  with  parenchyma 
being  wider  (figs.  63,  33,  34).  The  difference  between  the  hastate  and  die 
auriculate  leaf  consists  solely  in  the  lobes  of  the  former  being  horizontal,  as 
in  Kumez  acetosella,  in  the  latter  these  are  directed  towards  the  apex  (see 
fig.  63).  The  palmate,  digitate,  and  pedate  forms  of  foliage  are  dependent 
on  the  number  of  divisions  of  the  mid-rib  or  petiolary  vascular  bundles, 
and  bear  names  indicative  of  the  number  of  their  lobes  or  partitions,  as 
trifid  (three-cleft),  quadrifid  (four-cleft),  guinquefid  (five-cleft),  and  so  on 
(figs.  26,  27,  28).  When  the  lobes  or  partitions  are  arranged  in  a  winged 
manner,  or  forming  angles  with  the  mid-rib,  the  leaf  is  pinnatifid  (pinna, 
a  wing,  and  Jindo,  I  cleave)  (fig.  39) ;  when  the  nervation  is  radiating,  and 
not  in  the  same  planS  as  the  petiole,  the  leaf  may  be  either  orhiaUar,  as  in 
Hydrocotyh,  or  peltate  (pelta,  a  buckler),  as  in  Ricinus  Palma  Chritti,  as 
already  stated  (figs.  23,  27). 

41.  Compound  Leaves. — When  the  incisions  of  the  leaf  extend  from  the 
margin  to  the  mid-rib,  and  when  each  portion  of  the  compound  leaf  is  sepa- 
rately jointed  to  the  common  petiole  or  mid-rib,  such  a  leaf  is  compound| 
whether  it  consists  of  only  one  leaflet,  as  in  Orange,  or  of  an  indefinite 
number^  as  in  Acacia.     When  there  is  only  one  series  of  leaflets  on  each 


side  of  the  mid-rib,  the  leaf  is  simply  pinnate  (pinna,  a  wing)  (fig.  64); 
when  the  leaflets  or  pinnsd  are  again  subdivided,  forming  a  secondary  series 
of  leaflets;  the  compound  leaf  is  dovhle-  or  bi-pinnate  (fig.  65) ;  when  these 
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secondary  leaflets,  or  pinnvlce,  are  subdiyided  a  third  time,  the  leaf  is  ihrtce- 
or  tri'ptnnate,  or  decompound  (fig.  66)..  This  figare  also  represents  a 
wpra-decompound  leaf,  in  which  the  subdivisions  are  still  farther  extended. 


67. 


68. 


69. 


When  the  leaflets  are  opposite,  without  the  intervention  of  a  small  or  rudi- 
mentary leaflet,  and  without  a  terminating  odd  leaflet,  the  leaf  is  called 
pariptnnate,  or  equally  pinnate  (fig  65) ;  when  otherwise,  tmpariptnnate, 
or  unequally  pinnate  (^.  64).  When  the  pinned  are  of  different  sizes,  or 
deficient,  the  leaf  is  interruptedly  pinnate  (fig.  67).  When  all  the  leaflets 
originate  in  the  same  point  of  the  common  petiole,  the  leaf  is  trifoliate, 
wadri/olicUey  qutnque/oliate,  septennate,  accordingly  as  the  number  of 
leaflets  may  be,  vis.,  three,  four,  five,  or  seven  (figs.  85,  86,  68).  The 
compound  leaf  may  also  be  butemcUe,  tri4emate  (fig.  69),  a  form  abundantly 
illustrated  by  Arohangel  and  several  umbelliferous  plants. 

Function  of  Leayss. 

42.  The  great  importance  of  these  organs  in  the  economy  of  vegetation 
may  be  understood  from  the  fact,  that  a  tree  constantly  deprived  of  its  leaves 
is  ultimately  destroyed,  and  that  even  their  temporary  or  partial  removal 
esscDtially  retards  its  healthy  development. 

The  function  of  the  leaves,  chiefly  carried  on  through  the  stomata,  de- 
scribed in  §  17,  is  twofold,  viz.,  fi[rst,  the  evaporation  of  the  excess  of 
moisture,  or  the  superfluous  water;  second,  the  absorption  and  separation 
of  different  gases. 

43.  Plants  do  not  assimilate  the  whole  of  the  water  absorbed  by  their 
roots,  but  exhale  more  than  two-thirds  through  the  medium  of  their  leaves. 
The  sap  remaining  in  the  leaves  is  thus  rendered  exceedingly  concentrated, 
since  it  now  contains  the  non-volatile  mineral  constituents  which  the  water 
had  absorbed  from  the  soil.  Indeed,  the  leaves,  when  burned,  yield  a  large 
proportion  of  ash.  The  copious  evaporation  taking  place  from  the  surface 
of  the  leaves  has  a  sensible  effect  on  the  temperature  of  the  atmosphere, 
which  is  sensibly  lower,  where  it  is  exposed  to  the  influence  of  extensive 
woods  or  even  of  fields  covered  by  luxuriant  crops.     It  has  been  observed 
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which  it  remains  in  an  apparently  dormant  condition.  This  ocoars  in  oar 
fruit  trees,  whose  buds,  formed  during  the  previous  summer,  are  not  devel- 
oped till  the  spring  following.  Hence  these  hjbemating  buds  are  enclosed 
in  leathery  (coriaceous),  clammy  scales,  whereby  they  are  defended  from  the 
cold.  This  protection  is  not  necessary  for  buds  which  are  expanded  soon 
after  their  formation,  and  the  colour  of  their  leaflets  or  scales  is  green  like 
other  leaves. 

47.  Buds  possess  the  remarkable  property,  even  when  separated  from  the 
mother  plant,  of  developing  themselves  on  another  plant,  if  placed  in  a 
situation  where  they  can  appropriate  to  themselves  the  nutriment  necessary 
for  their  growth.  On  this  principle  the  process  of  budding  is  dependent 
To  accomplish  this  successfully,  the  bud  is  transferred  to  a  plant  which  very 
closely  resembles  the  parent,  in  order  that  the  coalescence  of  the  two  may 
be  effected  as  speedily  as  possible.  When  a  bud  only  is  transferred  from 
one  tree  to  another,  the  operation  is  called  tnoculatton  or  buddtng,  and 
when  a  portion  of  the  wood  is  employed,  with  one  or  more  buds  on  it,  we 
call  it  grafting.  The  bud  or  graft  thus  transferred  produces^  even  on 
another  tree,  an  axis  or  branch  which  possesses  all  the  qualities  of  the  mother- 
plant.  This  practice  is  an  invaluable  medium  for  increasing  the  most 
estimable  flower-  and  fruit-beariug  plants  and  trees,  which  are  Ulus  capable 
of  producing  fruit  upon  the  wild,  natural  plants,  whose  produce  otherwise 
would  be  worthless. 

Inoculation,  or  Budding. 

48.  This  operation  is  chiefly  performed  on  the  wild-  or  dog-rose  tree, 
which  is  commonly  used  for  this  purpose  on  account  of  its  lozuriant  growth 
and  durability. 

The  stock  or  wild  rose  is  planted  in  a  garden,  or  in  some  spot  where  it  is 
meant  to  be  an  ornamental  object,  and  suffered  to  grow  in  its  new  sitnatioQ 
about  a  year  previous  to  the  operation  of  budding  it.  For  this  pnrpMS 
there  is,  first  of  all,  an  incision  made  in  its  bark  similar  to  the  letter  T  (fig. 

71).   A  bud  is  abstracted,  with 

|f]l  J0,  PFTJ     ^^®  ^^^9  ^°  ^^®  ^^^  ^^  which 

the  bud  is  produced,  and  a  por- 
tion of  the  wood  nnder  the 
rind,  from  a  branch   bearing 
il^l  ^5^    J^^MTij       I^SH    ▼*^J'**^i®  roses,  the  whole  being 

1 1  M  v^l^^KJ       1^31    0^  ^^®  ^^^^^  ^^  ^  ^>^^^  shield 

(see  fig.  72).    The  rind  of  the 

section  of   the  wild  rose   is 

slightly  raised  up  with  the  flat- 

yi  -2^  i.g       tened  handle  of  the  bndding- 

knife,  to  permit  the  easy  ap- 
plication and  insertion  of  the  bud  and  bark  which  have  been  previously 
deprived  of  the  small  portion  of  wood  cut  off  from  the  parent  rose-stem ;  it 
is  then  moved  upwards  that  it  may  be  in  close  contact  with  the  cross-out  of 
the  incision,  for  it  is  at  this  point  that  incorporation  or  coalescence  first  com- 
mences ;  it  is  then  closely  tied  round  with  a  piece  of  bast  (matting)  or 
woollen  cloth  (fig.  78).  The  wild  rose  is  subsequently  cut  away  above  Uie 
inserted  bud,  and  all  the  shoots  formed  on  the  stem  sedulously  rubbed  or 
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broken  6ff;  nothing  is  snffered  to  remain  bat  the  new  axis  produced  by  the 
inserted  bnd,  and  if  the  operation  be  performed  in  spring,  roses  are  often 
produced  in  the  course  of  the  succeeding  summer.  After  midsummer  inoc- 
ulation is  practised  with  the  dormant  eye  or  bud,  which  remains  undeveloped 
till  the  following  spring,  when  the  stock  is  cut  away  above  the  inserted  eye, 
which  then  becomes  a  shoot  and  produces  roses  in  summer. 

Geaftino. 

49.  In  this  operation  a  single  bud  is  not  employed,  but  a  small  twig  or 
branehlet,  bearing  three  or  four  buds.  This  is  called  the  grafts  slip,  or 
scion.  Whether  the  wild  stock  on  which  it  is  to  be  inserted  be  a  young 
plant,  or  an  old  tree,  in  either  case  a  cross  section  is  made  either  of  the  young 
stem,  or  of  a  branch,  if 

the  tree  be  large.      A 

strong  cleft  is  made  (^, 

74)  with  a  sharp-pointed 

wedge  or  strong  knife,  so 

that  the  graft  cut  to  the 

shape  of  a  wedge  (fig.  75) 

may  exactly  fit  the  cleft 

made  for  its  reception  in 

the  wild  stem  (fig.  76). 

The  cleft  is  subsequently 

protected  from  the  light, 

the  air,  and  moisture,  by 

a  composition  of  loam  or 

sort  of  compost,  and  the 

graft  is  bound  to  the  stock         74.  75. 

with  bast  or  cloth  in  such 

a  manner  that  the  inner  bark  of  the  one  may  exactly  coincide  with  the  same 

part  of  the  other. 

Occasionally  a  cutting,  with  a  tongue  of  bark  attached,  is  inserted  in  the 
stock  like  a  bud,  as  described  above.  This  mode  has  the  advantage  of  pre- 
serving the  stock,  which  can  be  budded  again  in  case  of  flEulure :  if  the  split 
grafting  is  unsuccessful,  the  decay  of  the  stock  is  unavoidable.  Another 
method  of  grafting  is  by  approach  or  inarching,  when  two  growing  plants 
are  united  together,  and  when  adhesion  has  been  efiected,  the  one  is  severed 
from  its  own  stock  and  left  to  grow  on  the  other. 

These  operations  may  be  performed  in  a  great  many  ways,  and  all  may  be 
more  or  less  successful.  The  essential  requisite  in  all  of  them  is,  that  the 
recently-cut  bark  of  the  slip  or  scion  to  be  grafted,  intimately  coincides  with 
the  same  part  of  the  plant  on  which  it  is  grafted,  otherwise  no  adhesion  can 
take  place.  Grafting  is  generally  performed  in  the  spring,  when  the  sap- 
conducting  layers  are  in  the  greatest  activity. 

The  bud,  however,  will  not  grow  on  any  stem  whatever,  but  in  general 
only  on  the  stems  of  plants  belonging  tb  the  same  genus ;  the  white  rose  and 
apricot  cannot  be  grafted  on  the  oak. 

Bulb. 

50.  A  bud,  whose  bracts  are  moderately  large,  thick,  or  fleshy,  and  full  of 
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Bap,  is  named  a  bulb.  Sucb  buds  or  bulbs  are  generally  formed  on  subter- 
ranean stems,  but  the  bulb-bearing  lily  and  the  garlic  are  examples  of  bulbs 
being  produced  on  aerial  stems ;  still  their  position  in  either  case  is  in  the 
axils  of  the  leaves.  The  bulb  when  severed  from  its  parent,  possesses  the 
capability  of  prolonging  its  axis  in  the  two  opposite  directions,  in  the  develop- 
ment of  both  root  and  leaves.  It  retains  this  power  at  least  for  a  year,  pro- 
vided it  be  preserved  from  the  effects  of  moisture,  which  speedily  produces 
rottenness  in  its  Jleshy  integuments. 

The  bulb  is  in  a  condition  to  produce  new  lateral  bulbs  around  its  axis, 
which  new  productions  either  adhere  to  the  bulb,  or  are  detached,  forming 
independent  plants.  With  their  development  the  destiny  of  the  mother-bulb 
is  fulfiUed }  its  leaves,  bereft  of  their  sappy  contents^  shrivel  and  wither,  and 
subsequently  perish. 

Tuber. 

51.  Tho  buds  in  the  tuber  are  also  capable  of  independent  development, 
although  around  their  axes  we  do  not  usually  discover  a  vestige  of  such  leafy 
appendages  as  surround  the  bulb.  We  find  instead  of  these  an  abundant 
supply  of  nourishment  lodged  in  the  parenchymatous  tissue,  which  chiefly 
consists  of  water,  starch,  sugar,  &c. 

Tubers  generally  possess  several  eyes  or  buds,  which  in  some  plants,  as  in 
the  dahlia,  are  not  perceptible  till  they  begin  to  shoot  If  preserved  from 
putrescence,  these  retain  their  vitality  at  least  one  year. 

Blossom. 

62.  We  justify  the  botanist  who  prizes  certain  inconspicuous  parts  of  a 
flower  unnoticed  by  the  multitude,  above  those  showy,  splendid,  graceful| 
odorous,  gorgeously-coloured  organs  which  are  the  pride  and  admiration  of 
the  florist.  The  taste  and  admiration,  however,  of  the  man  of  science  for 
these  beautiful  productions  are  no  more  sacrificed  to  his  scientific  views  of 
their  nature  and  origin,  than  our  enjoyment  of  a  highly-artistio  work  is 
diminished  by  our  knowledge  of  the  principles  upon  which  it  was  executed. 
It  is  one  thing  to  gaze  and  wonder,  it  is  another  to  understand,  admiie,  and 
enjoy. 

By  the  term  blossom  we  understand  those  peculiarly-formed  leaves  arranged 
in  verticils  or  whorls  around  the  summit  of  a  principal  or  lateral  axis,  which 
have  been  termed  floral  leaves,  floral  integuments,  envelopes,  &o.,  but  which 
in  the  following  section  will  be  generally  expressed  by  the  term  flcval  ver- 
ticils or  whorls,  and  the  particular  orgaqs  by  the  terms  calyx,  corolla,  sepals, 
petals,  &a   ' 

In  external  form  these  leaves  are  essentially  different  from  the  other  leaves 
of  the  plant,  and  in  the  regularly-developed  perfect  blossom  constitute /cmr 
series  or  verticils  of  floral  leaves,  which  are  all  different  and  arranged  within 
each  other. 

The  two  external  verticils  take  no  part  in  the  reproductive  process,  hence 
they  are  not  indispensable  parts  of  the  blossom.  One  or  both  are  frequently 
absent,  and  their  absence  does  not  in  any  way  frustrate  the  object  of  the 
floral  functions.  Hence  these  two  external  organs  are  frequently  called 
floral^envelopes. 
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The  presence  of  both  of  the  inner  series  of  floral  verticils  is,  on  the  con- 
trary^ necessary^  and  they  are  therefore  regarded  as  indispensable  parts  of 
the  blossom. 

Proceeding  from  the  exterior  to  the  interior,  or  rather,  more  accurately, 
from  the  inferior  to  the  superior,  we  have  the  four  following  series  of  sepa- 
rate floral  verticils : — 

1st.  The  calyx;  2nd.  The  coToUa;  3rd.  The  stamens;  4th.  Thepw^t?: 
which  in  the  more  recent  nomenclature  are  called  the  calyx-leaves,  the  corolla- 
leaves,  the  stamen-leaves,  and  the  carpellary  or  fruit-leaf  or  leaves. 


1.  Calyx. 


53.  In  colour  and  consistency  the  calyx-leaves  closely  approximate  to  the 
stem-leaves.  In  many  plants,  however,  the  colour  of  the  calyx  considerably 
varies  from  the  usual  colour  of  leaves,  as,  for  example,  in  the  fuchsia,  the 
oalyx  of  which  is  scarlet.  It  is  often  wanting,  as  in  the  vine ;  or  it  is  cadu- 
cous, as  in  the  poppy.  When  there  is  but  one  series  of  external  floral  ver- 
ticils, and  it  is  uncertain  whether  it  is  to  be  deemed  a  calyx  or  a  corolla,  it 
iB  designated  by  the  comprehensive  name  of  envelope,  of  which  the  tulip 
affords  an  example. 

The  calyx-leaves  are  either  free  and  form  a  polyphyllous  (polysepalous) 
ealyx,  or  they  are  laterally  connected  by  their  margins,  and  form  a  mcmo- 
ph^Uims  (monosepalous)  calyx. 

In  the  polyphyllous  calyx  the  number  of  the  individual  leaflets,  with  their 
form  and  position,  are  described.  In  the  monophyllous  calyx  the  form  or 
shape,  and  the  margin  or  border,  which  is  mostly  toothed,  are  the  chief 
objects  of  consideration.     The  lower  part  is  called  the  throat  or  tube. 

In  form  the  calyx  is  either  tuhvlar  or  cylindrical  (fig.  77),  or  clavate 
(club-shaped)  (fig.  78);  turbinate  (top-shaped)  (fig.  79);  campanulate 
(bell-shaped)  (fig.  80);  funicukUe  (funnel-shaped)  (fig.  81);  urceolate 
(um-ehaped) ;  (fig.  82) ;  globose  (globular)  (fig.  83) ;  vesiculate,  &c. 


The  throat  of  the  calyx  is  either  naked  or  clothed  with  hair;  it  is  some- 
times closed  with  these  excrescences. 

The  calyx  is  said  to  be  regular  when  all  its  separate  leaflets  are  perfectly 
similar,  and  when  they  are  not  so,  it  is  irregular,  A  common  example  of 
an  irregular  monophyllous  calyx  is  the  bilabiate  form,  which  is  divided  into 
two  lobes  or  lips  by  a  rather  deep  cleft    This  form  is  found  in  salvia  (sage). 


448 


BOTANY. 


2.  Corolla.      .    '  '-  -'''- 

54.  The  leaflets  of  this  organ  display  more  remarkable  variationB  from 
the  stem-leaves  than  those  of  the  calyx.  Its  symmetry,  delicacy,  and 
oftentimes  splendid  colours,  form  one  of  the  most  attractive  features  of  the 
vegetable  kingdom ;  and  for  its  sake  flowers  have  been  cultivated  in  all  ages. 
They  are  the  special  favourites  of  the  human  race;  they  ornament  our  feasts, 
deck  our  bridal  solemnities,  and  are  strewed  over  our  graves. 

The  corolla  b  in  many  respects  analogous  to  the  calyx,  like  it  being  com- 
posed of  one  or  of  more  than  one  leaflet,  and  it  is  also  regular  or  irregular. 
In  the  corolla  we  distinguish  the  upper  developed  portion,  which  is  called 

]  ^  the  limb  or  lamina,  and 

the  lower  portion,  which 
in  many  blossoms,  as  the 
pink,  for  example,  is  like 
the  petide  of  a  leaf,  and 
termed  the  daw  (unguis). 
Many  forms  of  tlM 
monophyllous  (monopeta* 
lous)  corolla  ame  with 
the  forms  of  the  calyx 
described  in  §  53,  and  are 
recognised  by  the  same 
names.  As  special  fonns 
we  cite  the  following,  vis., 
the  globular  (fig.  84); 
urceciaief  urn-shaped  (pg. 
85);  ovate  (fig.  86); 
campanulaUy  bell-shaped 
(fig.  87);  tubular  (hg. 
88);  infundtbuli/orm  (fig.  89);  hypocratiform  (fig.  90);  rotate,  radiate 
(fig.  91.) 

55.  Two  forms  of  the  irregular  corolla  are  common,  viz.,  one,  polyphyl- 
lous  (polypetalous),  and  one,  monophyllous  (monopetalous). 

The  jpnpyi'oaflscniii  ooroUa  (fig.  92)  consists  of  five  leaflets  (petals),  of 
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which  the  upper  one  is  called  the  vexiUum  or  standard ;  the  two  lateral 
leaflets  are  the  alee  or  wings,  and  the  inferior  two,  partially  or  entire]^ 
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covered  by  the  wings,  and  often  slightly  cohering,  are  called  the  carina  or 
keel.  These  blossoms  are  peculiar  to  the  pea,  the  bean,  and  many  other 
plants,  which  form  a  large  proportion  of  the  kgumini/erovs  order. 

The  tabiate-formed  or  lip-shaped  corolla  (fig.  93)  is  divided  by  a  section 
of  its  limb  into  the  upper  and  under  lip.  The  first  is  sometimes  arched,  and 
is  named  galea,  or  helmet;  the  under  part  is  gene- 
rally divided  into  three  parts  or  lobes,  and  is  called 
labium  or  lip;  the  tubular  part  of  the  corolla  is 
called  the  throat  When  the  helmet  and  lip  are 
much  separated  by  a  large  hiatus  or  gap,  the  corolla 
is  said  to  be  ringent  or  gaping.  When  the  lower  lip 
is  pressed  against  the  upper  so  as  to  leave  only  a 
chink,  as  in  the  common  snapdragon,  &c.,  the  flower 
is  called  personate  or  masked.  All  these  corollas  of  labiate  and  personate 
forms  originate  in  the  union  of  the  normal  number  of  petals  usually  found 
in  this  class — viz.,  in  labiate  flowers  two  petals  united  form  the  helmet,  and 
three  the  lip;  in  ringent  flowers  two  form  the  lip,  and  three  the  helmet. 
The  plants  bearing  labiate  and  personate  flowers  constitute  the  great  and 
important  order  of  the  Labiatas,  and  a  portion  of  the  family  JycrophtUar  . 
riace». 

3.  Stamens. 

56.  The  third  series  of  floral  verticils  varies  so  remarkably  from  the 
common  form  of  leaves  as  to  have  received  the  name  of  Jilaments,  or 
threads.  They  appear  generally  so  unlike  leaves  that  their  real  character 
would  never  perhaps  have  been  discovered,  if  the  transition  of  the  stamens 
into  petals  and  leaflets  had  not  clearly  established  this  fact 

If  we  examine,  for  example,  the  corolla  of  the  water-lily  or  of  the  pink 
or  double  rose,  we  find  the  petals  gradually  diminishing  in  size  towards  the 
centre,  and  finally  they  appear  crowned  with  a  yellow  point,  and  become 
partially  filamentoxis,  or  thread-shaped  (fig.  94) ;  finally  the  real  stamens 
appear  (figs.  95  and  96),  which  are  more  or  less  slender  and  extended,  and 
mostly  colourless. 

57.  In  the  stamen  we  distinguish  two  distinct  parts,  the  under,  mostly 
filiform  (thread-shaped),  and  hence  designated 
the  filament,  or  thread ;  and  the  upper,  which 
forms  an  elliptical  or  globular  and  celled  organ, 
containing  a  powdery  substance,  is  called  the 
anther.  The  latter  is  the  essential  part  The 
filaments  are  often  very  much  abbreviated,  and 
sometimes  altogether  wanting  or  united  with 
some  other  parts,  in  which  latter  case  the  anther 
is  sessile. 

The  stamens  afford  important  characters 
whereby  plants  are  classified  and  described. 
Groups  of  families  are  distinguished  by  the 
number  of  the  stamens,  by  their  length,  their 
position,  and  by  their  coherence.  When  the  stamens  are  all  connected  by 
a  web-like  membrane  at  their  base,  they  are  said  to  be  monadeiphom  ;  when 
in  two  bundles,  diadelphous ;  when  in  three  or  more,  polyadelphous.  The 
29 
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geraniam,  the  pea,  and  St.  John's  wort,  afford  examples  of  these  three  modes 
in  which  the  stamens  are  united. 

58.  In  the  anthers  or  pollen-sacs  we  find  the  minute  powdery  matter 
called  pollen y  which  is  mostly  yellow,  but  sometimes  also  red,  brown,  violet, 
or  green.  These  pollen-grains  have  a  diameter  of  from  Ath  to  3  J^th  part 
of  a  line ;  and  when  examined  by  the  aid  of  a  powerful  microscope,  they 
appear  to  consist  of  a  series  of  small  vesicles  of  a  round  form,  and  filled 
with  a  granular  fluid  matter.  Those  pollen-grains  which  are  united  in  fours, 
or  in  multiples  of  four,  are  the  reproductive  cells ;  not,  however,  like  the 
spores  of  ferns  and  other  kindred  orders,  immediately  attaching  themselves 
to  the  soil,  and  germinating,  but  by  being  received  into  another  organic  por- 
tion of  the  plant  prepared  for  their  reception,  which  part  is  named  the  pistil. 
This  latter  organ  is  found  in  the  fourth  floral  verticil ;  and  to  this  the  repro- 
ductive cell  must  be  conveyed  in  order  to  commence  its  processes  of  deve- 
lopment, which  we  are  to  consider  more  accurately  when  describing  the  seed. 

At  the  proper  time  the  anther  or  pollen -bag  is  ruptured,  and  shakes  out  a 
small  cloud  of  pollen-granules,  some  of  which  reach  the  place  of  their  desti- 
nation ;  and  in  general  the  stamens  are  so  situated  in  relation  to  the  pistil, 
that  the  latter  can  easily  receive  the  pollen-grains.  Sometimes,  however, 
this  is  not  the  case,  from  the  shortness  of  the  stamens,  or  from  their  grow- 
ing on  a  different  part  of  the  plant,  or  even  on  a  different  plant  altogether. 
In  these  cases  the  wind  or  insects,  chiefly  the  bees,  are  the  means  whereby 
the  contents  of  the  anther  are  conveyed  to  the  pistil. 

If  a  blossom  is  deprived  of  its  anther,  it  will  produce  no  fruit.  Varieties 
of  flowers  and  fruits  are  produced  by  shaking  the  pollen  of  one  plant  upon 
the  flowers  of  another  deprived  of  its  stumens.  Many  esteemed  sorts  of 
tulips  and  pinks  have  been  produced  by  this  process. 

4.  Pistil. 

59.  The  fruit-leaflet  or  putil  constitutes  the  fourth  and  last  floral  verticil, 
and  is  placed  in  the  centre  and  forms  the  extremity  of  the  axis,  the  growth 
of  which  is  terminated  by  the  production  of  the  fruit.  This  part  in  its 
formation  remarkably  approximates  to  the  form  of  the  stem-leaves,  partly  in 

the  green  colour  of  the  ovary,  and  partly  in 
the  coherency  and  growth  of  the  fruit     The 
leafy  origin  of  the  fruit  is  represented  by  fig. 
97,  viz.,  a  carpellary   leaf  of  the  double- 
flowering  cherry,  the  margins  of  which  are 
inclined  inwards,  and  finally  unite,  while  the 
mid-rib  or  petiole  is  prolonged,  and  forms 
what  is  termed  the  sti/le.    The  place  of  cohe- 
rence is  called  the  suture  or  seam ;  and  on 
this  seam  or  suture  the  future  fruit  is  gene- 
rally developed.     At  this  period  it  is  called 
the  omdc,  and  will  subsequently  be  the  sub- 
ject of  a  closer  examination. 
The  pistil  is  composed  of  three  distinctly  different  parts.   The  under  part, 
more  or  less  distended,  which  forms  the  receptacle  of  the  future  fruit  or 
seed,  is  called  the  ovari/  (fig.  98  a),  and  is  prolonged  into  a  thread-shaped 
tubular  portion,  called  the  style  (6),  which  is  terminated  by  the  stigma  (c), 
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irhich  Bometimes  assumes  a  feathery  appearance,  and  sometimes  is  provided 
with  a  cavity  or  hollow  filled  with  a  viscid  fluid.  The  style  is  frequently 
absent,  and  in  this  case  the  stigma  is  said  to  be  sessile. 

60.  The  ovary  is  either  composed  of  one  leaflet  or  of  several.  In  the 
latter  case  every  individual  leaflet  forms  an  individual  separate  pistil,  or  the 
leaflets  are  united  by  coherency,  and  apparently  form,  by  the  process  of 
cohesion,  only  one  pistil,  but  we  can  generally  ascertain,  by  the  number  of 
styles  or  stigmas,  how  many  leaflets  have  been  united.  The  manner  in  which 
this  process  of  cohesion  has  been  eflfected  occasions  several  modifications  of 
this  organ  which  materially  aflect  the  form  of  the  fruity  and  will  again  come 
under  our  consideration. 

Mutual  Eelations  of  the  Floral  Verticils. 

61.  Besides  the  organic  parts  of  blossoms,  already  described,  they  pre- 
sent many  other  peculiarities  which  afford  important  distinguishing  charac- 
teristics. To  these  latter  belong  especially  the  relative  position  of  the  floral 
envelopes  and  that  of  the  fructification. 

The  summit  or  vertex  of  the  stem  on  which  the  flowers  and  fruit  are  pro- 
duced is  called  the  axis  of  the  xnjlorescencey  and  generally  assumes  a  rounded 
outline,  as  in  fig.  99,  and  the  four  series  of  floral  verticils  occupy  a  station 
accordantly  with  their  mode  of  development  Each  external  envelope  of 
the  flower  or  of  the  fruit  is  truly  developed  under  its  inner  and  proximate 
verticil,  and  consequently  all  the  remaining  series  of  envelopes  are  under  the 
carpellary  envelopes  which  form  the  innermost  series.  If  the  blossom  actu- 
ally assumes  this  normal  position,  it  is  said  to  be  hypogynous,  all  the  parts 
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being  under  the  pistQ  or  innermost  verticil.  Frequently,  however,  the  under 
part  of  the  floral  axis  is  elevated,  forming  at  its  extremity  a  sort  of  ring 
(fig.  100)  or  disk,  on  which  the  external  verticils  are  laterally  placed  round 
the  pistil,  and  at  about  the  same  height  as  its  base.  This  position  is  called 
jyerigynous.  If  this  ring  bearing  the  verticils  is  elevated  above  the  extre- 
mity of  the  axis  or  ovary,  then  the  position  is  named  epigynous  (^,  101). 

62.  Sometimes  one  series  of  floral  verticils  is  united  with  its  proximate 
series,  as  in  the  rose,  apple-blossom,  &c. ;  and  sometimes  the  stamens  and 
pistil  are  united,  as  in  the  orchis. 

Flowers  in  which  both  stamens  and  pistils  are  present,  are  called  herma- 
phrodite} those  oontaining  only  stamens  are  called  male  floioers  ;  those  oon- 
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taining  only  pistils,  female  flowers.     When  both  these  organs  are  absent^ 
the  flowers  are  said  to  be  neutral. 

There  are  plants  which  produce  separately  male  and  female  flowers  on  the 
'Mile  stem;  these  are  called  .monaecioiis. 
'  Those  which  bear  the  same  essential  parts  on  difiiBrent  stems  are  called 
disecwus  plants.     The  willoW;  hemp,  and  hop  are  examples. 

Occasional  or  Accidental  Parts  op  the  Blossom. 

68.  Under  this  term  we  include  such  unessential  parts  as  occur  only  on 
certain  flowers ;  as,  for  example,  the  crown — an  intermediate  form,  partaxing 
both  of  the  character  of  the  petals  and  stamens,  as  in  the  common  daffodil, 
the  white  narcissus,  &o.  Sometimes  this  forms  a  scaly  process,  as,  for 
example,  under  the  limb  of  the  corolla  of  Myoeotis  palustris  (Forget-me- 
not).  These  formations  may  be  considered  as  lateral  leaflets  of  the  corolla 
(§  54). 

The  honey-pores  or  neotanes  of  the  corolla  are  fiUed  with  a  saccharine 
sap,  and  often  assume  the  form  of  a  spur  or  horn. 

Inflorescence. 

64.  Having  now  described  the  individual  constitnent  parts  of  flowers,  the 
arrangement,  or  relative  position  of  the  whole,  both  to  each  other  and  to  the 
stem  or  axis  on  and  around  which  they  grow,  remains  for  consideration. 
This  relationship  of  the  entire  aggregated  flower  is  called  inflorescence. 

That  part  of  a  principal  or  lateral  axis  on  which  the  floral  verticils  are 
developed  is  named  the  peduncle.  If  this  part  be  very  short  or  absent,  the 
flower  is  sessile.  If  the  blossom  or  flower  is  on  the  extremity  of  a  principal 
axis,  the  blossom  is  called  terminal.  In  every  other  case  the  blossom  is 
lateral.     Axillary  blossoms  originate  in  the  axils  of  the  leaves. 

A  perfectly  simple  stem  produces  only  oTie  blossom,  which  is  terminal,  aa 
the  tulip. 

A  branching  stem  produces  more  than  one  blossom,  of  which  pinks  and 
lilies  are  examples. 

65.  When  the  individual  blossoms  appear  on  different  parts  of  the  plant 
without  any  obvious  or  striking  arrangement,  the  inflorescence  is  said  to  be 
scattered  or  dispersed ;  when  they  assume  a  proximate  or  condensed,  or 
some  definite  form,  it  is  indicated  by  some  term  corresponding  to  the 
form,  &c. 

In  the  condensed  mode  of  inflorescence  we  generally  find,  next  to  the 
common  peduncle,  which  is  sometimes  called  a  raohis  (reu^),  a  series  of  small 
leaves  (bracts),  in  the  axils  of  which  the  flowers,  either  pedicclled  or  non- 
pedicelled,  are  produced.  Sometimes  the  under  bracts  are  without  flowers 
in  their  axils,  and  then  they  form  a  densely-imbricated  arrangement,  which 
is  called  involucrum  or  involucre.     This  is  exemplified  in  the  sun-flower. 

66.  The  inflorescence  is  principally  distinguished  by  the  length,  thickness, 
and  breadth  of  the  rach  or  common  peduncle,  and  by  the  form  and  consist- 
ency of  the  bracts  or  floral  leaves.  By  these  we  d&tinguish  the  following 
varieties  of  inflorescence : — 

1st.  The  q)ike  or  ear  (fig.  102),  in  which  sessile  or  short-pedicelled 
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flowers  are  arranged  along  the  rach,  in  the  axils  of  the  bracts.  When  lateral 
ears  or  spikes  originate  in  the  axils  of  the  bracts,  the  ear  or  spike  is  said  to 
be  compound.    2nd.  The  catkin  (fig.  103),  a  pendent  spike,  which  falls  off 
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after  the  blossoming  has  been  accomplished,  as  in  hazel.    3rd.  The  spadix, 
or  succolent  thick  spike  (fig.  104) ;  ex.  Arum  and  Calamus.    4th.  The  conef^ 
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composed  of  indurated  woody  or  scaly  bracts ;  ex.  the  pine  tribe  (fig.  105). 
5th.  The  cluster  or  raceme,  with  the  flowers  on  longer  or  shorter  peduncles, 
as  in  the  currant  (fig.  106).  6th.  The  panide  is  a  branched  mceme  (fig. 
107).  7th.  The  thyrms  is  a  panicle,  with  the  lateral  branches  longest  in 
the  middle  and  shortened  at  both  ends;  ex.  lilac,  loose-strife,  &c.  8th.  The 
q/me  (fig.  108),  where  the  principal  axis  is  shortened,  and  the  lateral  axes 
lengthened;  ex.  iberis,  laurustinus,  &c.  9th.  The  corymb  like  the  cyme, 
but  with  branching  lateral  axes;  ex.  snow-ball,  senecio,  &c.  10th.  The 
umbel  (fig.  109),  in  which  the  principal  axis  is  so  shortened  that  all  the 
lateral  floral  axes  radiate  from  a  common  point  surrounded  by  the  bracts, 
which  thus  form  a  yerticilled  iuyolucre  (§  41).  When  the  rays  or  lateral 
axes  bear  smaller  umbelsy  the  umbel  is  compound  (fig.  109). 
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This  very  characteristic  mode  of  inflorescence  is  found  in  the  extensive 
family  of  Umbelli/erae;  to  which,  among  many  others,  the  carrot,  the  parsley, 
&c.,  belong. 

11th.  The  capituluM 
or  head  (fig.  110)  con- 
sists of  small  flowers 
(florets),  either  with  very 
short  pedicels,  or  quite 
sessile,  densely  arranged 
on  a  very  much  short- 
ened rach  or  axis;  ex. 
scabious,  clover,  &g. 

If  the  axis  be  consi- 
derably thickened  and 
extended,  either  verti- 
cally or  horizontally, 
there  result  a  very  pecu- 
liar kind  of  inflorescence, 
which  distinguishes  an 
exceedingly  numerous  natural  order  of  plants.    It  is  illustrated  by  fig.  111. 
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Here  we  see  the  enlarged  rach  or  disk^  a,  surronnded  by  several  verticils 
of  braotSy  b  b,  which  together  form  a  common  involnorum.  The  small 
bracts,  U  I/j  which  stand  upon  the  disk,  and  which,  on  account  of  their  sca- 
rious  nature,  are  called  chafiF,  bear  in  their  axils  the  quite  sessile  florets  c 
and  dy  which  rarely  have  a  calyx  e.  The  florets  are  either  all  of  the  same 
form,  or  they  are  partly  tubular j  d,  partly  Unguiform,  or  ligulaie,  c  (tongue 
or  strap  shaped).  ^ 

The  disk,  however,  is  not  always  flat;  it  is  frequently  hemispherical, 
rounded,  conical,  or  concave.  When  no  bracts  nor  chafiy  scales  appear  on 
the  disk,  it  is  said  to  be  naked,  nudate.  The  florets  arranged  round  its 
margin  are  called  ^/?orcrt  of  the  ray  ;  those  in  the  centre,  ,/?orcto  of  the  disk. 

This  kind  of  inflorescence  occurs  in  all  the  flowers  called  compoundy  and 
is  the  distinguishiDg  characteristic  of  the  great  &mily  of  the  Compositas,  to 
which  the  sun-flower,  the  tansy,  the  dandelion,  and  many  other  genera  of 
plants  belong. 

Fruit. 

67.  The  destiny  of  the  flower  is  fulfilled  as  soon  as  the  transmission  of  the 
pollen-grains  into  the  ovary  of  the  pistil  has  been  effected.  From  this  period 
the  entire  growth  of  the  plant  is  arrested ;  it  henceforth  withers  and  decays. 
The  ovary,  on  the  other  hand,  with  its  contents,  is  developed,  and  the  ovules 
are  thus  ultimately  changed  into  seeds.  Not  seldom,  however,  do  the  bracts 
and  the  calyx  also  assume  a  new  form  during  this  process  of  transformation. 

The  seed  must,  of  course,  be  regarded  as  the  essential  part  of  the  fruit,  as 
being  the  developed  ovule  of  the  ovary  or  carpellary  integument ;  this  latter 
part,  however,  has  a  great  influence  on  the  external  appearance  of  the  fruit, 
and  gives  origin  to  a  number  of  names  by  which  the  difiierent  sorts  of  fruit 
are  distinguished. 

The  internal  arrangement  of  the  various  parts  of  the  fruit  depends  on  the 
nufnber,  the  position,  and  cohesion  of  the  pistils ;  consequently  we  have  to 
itconsider  this  important  organ  under  another  aspect. 

68.  We  now  understand  that  the  pistil  or  pistils  are  placed  on  the  summit 
of  the  floral  axis,  which,  on  account  of  its  participation  in  the  production  of 
the  fruit,  is  also  called  the  axis  of  fructification.  This  axis  either  terminates 
with  one  pistil  Qfruit-leaf)  or  with  several.  In  the  former  case  the  ovary  is 
simply  one-cellea  (§  59) ;  in  the  latter  case  the  manner  of  cohesion  determines 
the  number  of  the  cells  of  which  the  ovary  is  to  consist. 

The  accompanying  figures  represent  a  section  of  different  ovaries,  part 
formed  of  one  leaf  turned  in  and  cohering  at  the  margin  (112  and  113); 
part  consisting  of  several  leaves  in  combination  with  the  fruit-axis. 


112.  118. 


In  fig.  112  is  shown  the  section  of  a  one-celled  ovary  formed  out  of  one 
fruit-leaf;  a  is  the  mid-rib,  or  principal  nerve  of  the  leaf;  and  b,  the  mar- 
gins in  a  state  of  cohesion.     In  fig.  113  the  bending  or  tuming-in  of  the 
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oarpellary  leaf  is  greater^  and  the  ovary  becomes  an  imperfectlj  two-oelled 
ovary. 

The  single-celled  ovary  (fig.  114)  consists  of  five  oarpellary  leaves,  united 
by  lateral  cohesion  round  the  fruit-axis.  Hence,  when  the  leaves  turn 
inwards  equally,  and  cohere  to  the  fruit-axis,  there  results,  in  accordance 
with  the  number  of  the  oarpellary  leaves,  a  two-,  three,  or  five-celled  ovary 
(figs.  115  and  116).  An  external  extension  of  the  fruit-axis  may  also  pro- 
Quce  a  many-celled  ovary  (fig.  117). 

Thus  the  external  forms  of  the  future  ^it  are  discoverable  in  the  ovary, 
or  are  indicated  by  its  structure.  Also  the  rupture  of  the  carpels  or  cap- 
sules, when  the  seed  is  ripened,  follows  the  law  of  oarpellary  union,  t.  e., 
the  dehiscence  of  the  oarpellary  envelope  is  generally  by  the  suture,  where 
the  original  junction  was  effected  (§  59). 

Exterior  Forms  op  Fruit. 

69.  The  oarpellary  leaves  take  the  principal  share  in  the  formation  of  the 
fruit  They  form  the  immediate  domicile  of  the  seeds.  The  fruit-envo- 
lopes,  or  pericarps,  however,  are  not  seldom  formed  by  a  further  development 
of  the  corolla  or  of  the  calyx,  and  sometimes  even  originate  from  a 'meta- 
morphosed bract. 

The  peculiar  external  forms  of  the  fruit  depend  on  those  transformations 
which  these  parts  of  the  blossom  undergo  during  the  process  of  fructifica- 
tion. Thus  we  find  some  carpels  leafy,  some  leathery,  some  stony,  some 
pulpy  or  fleshy,  &c.  The  external  covering  is  frequently  a  mass  of  paren- 
chymatous matter,  containing  starch,  sugar,  mucilage,  oils,  acids,  &c.,  which 
are  often  of  more  value  for  the  purposes  of  life  than  the  seeds  themselves. 

The  most  important  forms  of  fruit  are  the  following :  — 

a.  Unilocular  or  Monocapsular  Fruit. 

70.  (1.)  The  cone,  where  the  seed  lies  naked  in  the  axils  of  the  ligneorfe 
bracts,  where  it  is  produced  without  the  intervention  of  the  pistil.  The 
Coniforse  are  examples. 

(2.)  The  legume,  which  is  formed  of  one  oarpellary  leaf,  and  on  the 
suture,  formed  by  the  union  of  the  two  margins  (fig.  112  6),  the  seeds  are 
attached.     The  Leguminiferse,  viz.,  pea,  bean,  &c.,  are  examples. 

(3.)  The  follicle,  a  kind  of  carpel,  similar  to  the  legume,  but  dehiscing 
by  its  ventral  suture ;  as  larkspur,  marsh-marigold,  &c. 

h.  Capsular  Fruit. 

71.  (4.)  The  capmle-proper  consists  of  two  or  more  leaves,  united  either 
by  the  margins,  forming  a  one-celled  capsule  (fig.  114),  or  turned  in  and 
extending  towards  the  axis  of  the  fruit,  forming  an  imperfectly  multilocular 
fruit,  or  uniting  with  the  axis,  forming  a  perfect  many-celled  capsule ;  as  in 
violet,  reseda,  balsam,  &c.  (5.)  The  pod  or  silique  consists  of  two  fruit* 
leaves  united,  with  a  very  thin  membranous  dissepiment,  separating  it  into 
two  parts:  examples — stock,  wall-flower,  &c.  The  silicle  or  pouch  is  like 
the  pod,  only  much  shortened ;  as  shepherd's  purse,  &c.  (6.)  The  cariopscj 
a  one-seeded  fruit,  with  a  non-dehiscent  membranous  pericarp,  either  attached 
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to  or  closely  inregtiDg  the  seed :  oats,  raniixionliis,  labiate  plants,  fto.  (7.)' 
The  arhwntum,  a  dry,  brittle,  non-dehiscent  fruit :  rose,  strawberry,  &c. 
(8.)  The  nuty  an  indehiscent  indurated  fruit,  with  one  seed:  hazel-nut, 
aeom,  &c.  The  nucule  is  a  small  nut^  with  a  coriaceous  or  shelly  pericarp, 
M  buckwheat,  &c.  (9.)  The  berry,  bnssiato  fruit ;  the  external  covering 
is  soft,  and  the  interior  pulpy :  currants,  lemons,  &d.  '/The  cucumber  and 
melon  are  to  be  regarded  as  peculiar  varieties  of  the  tiacceate  friiits.  (10.) 
The  stone-fruits,  the  external  parts  of  which  are  fleshy,  the  internal  stony : 
plumsVpeacbeS;  &c.  (11*)  Pomaceous  fruits:  apple-like  fruits.  These 
consist  of  several  folliculoos  carpels,  surrounded  by  an  unusually  thick 
parenchymatous  substance,  formed  while  the  seeds  are  approaching  matu- 
rity :  apples,  pears^  medlars,  &c. 

The  strawberry^  raspberry,  and  mulberry,  are  to  be  considered  as  com- 
pound fruits. 

Seed. 

72.  The  axillary  buds  appear  on  the  stem  as  abbreviated  lateral  axes, 
which,  either  directly  or  after  a  considerable  interval,  are  capable  of  further 
extension ;  so,  also,  on  other  parts  of  perfect  plants,  there  are  buds  with  a 
peculiar  development,  destined  for  the  production  of  seed ;  and  hence  these 
are  called  seed-huds. 

The  position  of  the  seed-bud  is  always  at  the  end  of  the  plant-axis, 
whether  principal  or  lateral ;  and  with  the  production  of  the  seed-bud  the 
growth  of  that  part  of  the  plant  is  terminated. 

The  seed-bud  appears  at  first  as  a  very  small  cellular  white  object,  called 
the  ovule.     In  the  interior  of  this  is  a  cell,  called  the  embryo-sac  (fig.  118). 

The  seed-bud  is  unable  by  itself  to  form  a  seed ;  myriads  of  them  perish 
imdeveloped.  This  can  only  be  efiected  through  the  medium  of  the  repro- 
ductive pollen-grain,  which  must  find  its  way  to  and  penetrate  the  embryo- 
sac  before  it  can  be  developed  into  a  perfect  plant. 

73.  In  many  plants,  the  Coniferse,  for  example,  the  position  of  the  ovule 
is  very  analogous  to  that  of  the  common  bud.  It  lies  in  the  axils  of  the 
condensed  scaly  or  ligneous  leaflets,  without  a  covering;  hence  these  are 
called  naked  ovules.  .At  a  later  period  we  find  the  seeds  developed,  without 
any  carpellary  covering  except  the  scaly  bracts  forming  the  cone.  These 
are  very  conspicuous  in  the  fruit  of  the  pinus  pinifera,  which  bears  edible 
seeds. 

But  the  far  greater  proportion  of  plants  produces  their  seed-buds  (ovules) 
in  particularly-constructed  leafy  cells,  which  have  been  already  described 
(§  59)  under  the  name  of  pistil  or  carpellary  leaf.  We  have  seen  that  this 
organ  consists  of  an  enlarged  basal  part,  called  the  ovary ;  and  in  the  cavity 
or  in  the  cells  of  the  ovary  are  the  ovules,  to  which,  through  an  opening 
called  the  stigma,  sometimes  immediately,  sometimes  through  the  interven- 
tion of  the  style,  the  pollen-grains  reach. 

74.  As  th^  ovule  in  different  plants  presents  several  peculiar  modifications 
in  its  structure,  these,  therefore,  require  special  consideration.  There  is 
formed  around  the  ultimate  particle  which  we  call  the  nucleus  of  the  ovule 
sometimes  a  single,  sometimes  a  double  membranous  sac,  which  does  not 
quite  enclose  the  nucleus,  but  leaves  a  portion  at  its  upper  end  open,  which 
opening  is  the  foram^n^  or  mouth  of  the  ovule.     When  the  nucleus  of  the 
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ovule  is  so  situated  that  the  foramen  is  opposite  to  the  hilnm  or  placenta,  its 
direction  is  said  to  be  orthotropal ;  when,  through  the  curvature  of  the  ovule 
itself,  or  by  the  prolongation  of  the  umbilical  cord,  the  foramen  approaehes 
the  hilum,  the  direction  is  campjlotropal  (crooked) ;  when  its  position  is 
reversed,  it  is  said  to  be  anatropal.  For  illustration  of  the  technical  expres- 
sions employed  in  this  and  the  two  foregoing  paragraphs,  see  the  aooompa- 
Dying  diagram  (fig.  118)  of  a  highly  magnified  ovule. 

/  a  Base  of  the  OTuIe. 

e  b  Nucleus  of  the  ovule. 

d  c  Embryo-sac. 

c  e?  The  interior  integument  (primine). 

b  e  The  exterior  ditto  (seouncUne). 

a     f  The  foramen. 
118. 

75.  When  a  pollen-grain  comes  in  contact  with  the  stigma,  the  former  is 
observed  to  swell  and  to  protrude,  through  one  of  its  apertures,  a  delicate 

tubular  cell,  called  the  polleu'sac.  This  body 
passes  by  the  stigma,  through  the  tubular 
style,  if  present,  into  the  ovary,  and  finally 
enters  the  embryo-sac  of  the  ovule  through 
the  aperture  in  its  linings,  called  the  foramen. 
While  the  outer  portion  of  the  pollen-sac 
decays,  the  part  which  entered  the  ovule  forms 
a  new  tissue,  which  gradually  assumes  a  now 
form,  provided  with  a  leafy  bud  and  rootlets, 
and  to  which  the  term  embryo  or  germ  has 
been  applied. 

Fig.  119  is  a  highly  magnified  representa- 
tion of  a  pistil  having  the  stigma,  c,  filled  with 
pollen-grains,  d^;  and  the  pollen-sacs  of  the 
latter,  lengthened,  are  observed  extending 
downwards  through  the  style,  &,  into  the 
cell  or  cavity  of  the  ovary,  a,  and  penetrating 
the  numerous  ovules  there  contained. 

It  deserves  to  be  remarked,  that  the  point 
of  the  pollen-sac  which  thus  makes  its  way 
into  the  ovule  forms  the  plumule  or  termi- 
nal bud  of  the  embryo,  whilst  the  opposite 
end  is  developed  into  the  rootlets. 

76.  With  the  changes  consequent  on  the 
discharge  of  the  pollen  into  the  stigma  and 
embryo-sac  the  ovule  also  is#transformed, 
and  its  protective  appendages  are  gradually 
increased   by  the   tissues   constituting    the 
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albuminous  substances,  of  which  some  seeds 
are  almost  entirely,  others  only  partially 
composed.     The  tissues  contain  besides  albu- 
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men,  sugar,  gam,  starch,  oil,  or  other  &ttj  products,  substaDoes  which,  inde- 
pendentlj  of  their  utility  iu  domestic  economy,  &c.,  are  destined  to  supply 
nutriment  to  the  embryo  necessary  for  its  further  development  There  are 
some  seeds  which  contain  no  albuminous  compounds,  but  are  entirely  com* 
posed  of  the  embryo.  We  recognise  in  the  episperm,  or  seminal  integument, 
the  external  euTelope  of  the  ovule,  although  very  considerably  changed  in 
its  af^tearance. 

On  uuimining  a  pea,  a  bean,  or  a  horse-chestnut,  we  may  easily  perceive 
the  hilufu  by  which  the  ovule  was  attached  to  the  placenta ;  we  find  also 
the  embryo  surrounded  by  the  albuminous  substances,  with  its  radicle  and 
plumule,  which  are  very  conspicuous  at  an  early  stage  in  the  future  develop- 
ment of  the  seed. 

The  germ  or  embryo  differs  from  the  common  bud  chiefly  in  its  consti- 
tuting a  very  minute  axis,  provided  with  a  root,  which  derives  nourishment 
entirely  from  the  various  substances  contained  in  the  seed,  and  stored  up 
therein  for  that  purpose,  till  the  roots  are  in  a  condition  to  suck  nutriment 
from  the  soil. 

The  embryo,  when  thus  developed,  is  in  a  condition  to  continue  the  life 
of  the  plant,  and  to  increase  the  total  amount  of  vegetation ;  and  though  in 
itself  individually  a  perishable  being,  is  nevertheless  in  a  condition  to  prolong 
its  duration  indefinitely  by  means  of  its  reproductive  energy. 


^' 


II.  VITALITY  OF  PLANTS. 

(VEGETABLE  PHYSIOLOGY.) 

PHENOMENA  OF  LIFE  IN  GENERAL. 


77.  By  the  term  vitalitt/y  or  life,  we  mean  the  principle  or  the  cause  of 
the  entire  series  of  the  activities  of  all  the  organs  existing  in  plants  and 
animals,  together  with  the  phenomena  resulting  therefrom. 

,  The  cause  of  these  activities  is  vital  power.  It  is,  however,  uncertain 
whether  or  not  this  is  a  self-existent  independent  power,  or  the  sum  of  all 
the  known  natural  powers,  which,  operating  under  special  relations,  and  being 
mutually  limited  by  peculiar  conditions,  produce  what  we  in  general  terms 
ascribe  to  the  agency  of  life. 

There  can  be  no  doubt  of  this,  viz.,  that  the  forces  we  have  become 
acquainted  with  in  Physics  and  Chemistry,  as  attraction,  and  especially 
chemical  attraction,  have  a  most  important  influence  on  the  phenomena  of 
life.  And  this  subject  has  been  most  successfully  investigated  by  explaining, 
as  far  as  possible,  the  vital  phenomena  on  principles  deduced  from  the  opera- 
tion of  the  recognised  general  laws  of  Nature,  and  by  ascribing  as  little  as 
possible  to  the  vital  power.  And  this  is  the  only  mode  of  investigation 
whereby  we  shall  either  succeed  in  determining  the  independent  reality  of 
this  power,  and  the  laws  by  which  its  operations  are  regulated,  or  be  able  to 
show  that  it  is  only  a  combination  of  natural  causes. 

78.  Vital  power  is  peculiarly  and  exclusively  distinguished  by  its  capa- 
bility of  appropriating  the  simple  chemical  substances,  and  of  applying  these 
to  the  production  of  Dodies,  such  as  we,  with  all  our  resources  at  command^ 
are  utterly  unable  to  effect,  and  probably  ever  will  be. 
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It  is  true  that  we  can  combine,  in  the  due  proportioM  of  weigki  and 
volume^  all  (he  chemical  constituents  which  are  contained  in  the  eap  of  plants : 
but  life  alone  is  able  to  construct  either  a  cell  or  an  organ  from  these  mate- 
rials. 

79.  The  fundamental  work  of  life  appears  to  be  its  power  of  forming  the 
vegetable  or  animal  cell  through  the  absorption  or  assimilation  of  new  matt^ 
from  without;  and  also  by  means  of  the  nutritive  mattery  causing  an  increase 
in  all  directions ;  or,  in  other  words,  it  possesses  the  power  of  growth. 

The  growth  of  bodies  thus  constituted  is,  however,  limited  in  space  and 
duration.  Nature,  in  all  her  productions,  is  regulated  by  laws  and  oonditiona 
of  necessity,  concealed  from  human  ken.  We  know  this  only,  that  she  pro- 
duces an  infinite  variety  of  individual  beings^  which  are  limited  in  form  and 
extension. 

Whenever  an  individual  being  has  reached  to  the  extent  of  measure  and 
duration  assigned  to  it  by  the  law  of  its  own  nature,  all  further  development 
ceases,  even  under  the  most  favourable  circumstances.  The  activity  of  life, 
manifested  with  incessant  accelerative  power,  has  reached  to  a  point  whence 
its  progressive  decay  is  as  rapid,  until  it  is  finally  reduced  to  its  primary  con- 
stituents. We  denominate  this  cessation  of  power  the  death  of  plants  and 
animals.  From  the  moment  that  vitality  has  ceased,  the  once  living  form 
becomes  subject  to  the  laws  of  the  general  forces  of  Nature  alone,  and  prin- 
cipally to  those  of  chemical  affinity,  by  which  the  perishable  structure  of 
the  body  is  destroyed,  and  decomposed  into  a  series  of  chemical  combinations 
(Chemistry,  §  157). 

80.  The  variety,  also,  of  terrestrial  objects  produced  by  the  vital  power  is 
limited.  So  far  as  we  know  by  experience  life  only  reproduces  the  same 
forms,  though  from  new  materials,  and  these  new  productions  are  subject  to 
the  same  laws. 

The  number  of  individuals  is  also  limited  by  the  laws  which  regulate  the 
supply  of  nutriment;  it  is,  however,  exceedingly  great. 

The  mass  of  animated  nature  is  inconceivably  small  compared  with  that 
of  the  earth.  It  covers,  however,  the  greatest  portion  of  the  sur&ce  of  thtf 
terrestrial  globe. 

The  time  requisite  for  the  perfect  development  of  these  living  objects  Is 
very  unequal.  Some  of  the  simplest-formed  animals  and  plants  have  only 
a  few  hours'  existence.  Some  trees,  on  the  contrary,  live  for  thousands  of 
years. 

81.  We  should  always  remember,  as  a  fundamental  principle,  that  life  has 
no  power  to  create,  not  even  the  smallest  particle  of  one  of  its  own  little 
cells.  Its  power  is  limited  to  the  assimilation  of  materials,  afforded  as  the 
media  out  of  which  it  produces  organic  forms.  None  of  the  simple  chemi- 
cal substances  which  we  meet  with  in  plants  are  produced  in  them,  but  have 
been  selected  from  without,  and,  by  the  power  of  vitality,  made  to  assume  a 
certain  form  or  combination. 

82.  In  the  selection  and  reception  of  new  materials  from  without,  to  be 
employed  in  the  formation  of  organic  parts,  vitality  is  somewhat  analogous 
to  the  power  of  attraction  which  is  manifested  in  the  origin  and  production 
of  crystals  (Physics,  §  20;  Chemistry,  §  29). 

The  laws  which  regulate  the  formation  of  organised  and  inorganised  bodies 
are,  however,  essentwlly  different;  for  while  we  have  shown  in  Mineralogy, 


NUTRITION  OF  PLANTS.  461 

5  5,  more  precisely,  that  the  forms  of  all  crystals  are  developed  with  flat  sur- 
faces, with  rectilineal  sides  and  angles  of  regular  construction,  plants  and 
animals  have  rather  a  cylindrical  or  spherical  figure :  the  rounded  shape,  in 
some  one  or  other  of  its  varieties  or  modifications,  may  be  said  to  be  generally 
prevalent.  We  may  remark  that  the  angular  cells  of  plants  were  originally 
spherical,  and  that  this  their  first  form  was  changed  by  pressure  (§  8). 

The  crystal  also  increases  in  magnitude,  or  grows  by  the  successive  depo- 
sition of  layers  of  similar  matter  applied  equally  to  all  parts  of  its  surface ; 
otherwise  it  does  not  undergo  the  slightest  change.  Plants  and  animals,  on 
the  contrary,  receive  their  nutriment  or  materials  of  growth  internally,  and 
change  both  the  form  and  chemical  character  of  these  substances.  Hence 
minerals  are  frequently  distinguished  as  exogenous  objects^  and  organised 
bodies  as  endogenous  objects. 

The  crystal,  besides,  is  only  limited  in  form )  it  is  unlimited  in  extent;  and 
would  increase  for  ever  if  the  necessary  materials  wore,  afforded  it 

External  influences  of  various  kinds  operate  more  or  less  powerfully  in 
changing  or  destroying  the  original  activity  of  organs.  When  we  observe  a 
change  of  the  ordinary  or  normal  vital  phenomena^  we  designate  the  unna- 
tural condition  so  produced  by  the  name  of  disease.  If  these  disturbing  in- 
fluences be  of  long  duration  or  of  considerable  intensity^  death  is  the  general 
result. 

Vital  Phenomena  of  Plants. 

83.  In  the  foregoing  general  considerations  we  have  pointed  out  the  most 
prominent  principles  on  which  the  life  both  of  plants  and  of  animals  is 
dependent;  and  in  reference  to  the  life  and  functions  of  plants,  we  have 
already,  in  the  sections  devoted  to  Organography^  incidentally  communicated 
much  information. 

The  nutritious  materiak  applied  to  plants  is  a  subject  of  the  highest  im- 
portance, and  requires  further  and  more  extensive  illustration  ]  for  a  know* 
ledge  of  this  branch  of  the  subject  is  greatly  conducive  to  the  successful 
cultivation  of  plants,  the  various  branches  of  agrarial  and  horticultural 
science,  on  which  the  existence  and  well-being  of  nullions  of  men  and  beasts 
are  dependent 

NUTRITION  OF  PLANTS. 

84.  An  accurate  comprehension  of  this  department  of  the  science  is  at* 
tainable  only  through  a  right  understanding  of  the  various  organs  of  vege- 
tation and  of  their  functions,  as  well  as  through  that  of  the  nutritive  media 
received  from  without^  and  the  subsequent  change  of  the  latter  into  vege- 
table substances. 

Whatf  then,  are  the  nourislnng  media  or  food  of  plants  ? 

We  can  only  satisfactorily  and  precisely  answer  this  question  by  stating 
what  are  the  simple  chemical  component  parts  of  the  different  vegetable 
objects ;  for  it  is  an  established  fact,  that  the  smallest  particle  of  their  whole 
mass  is  not,  and  cannot  be,  self-produced  (§  81);  therefore  everything 
which  they  contain  must  be  derived  from  without. 

We  have  already  seen  (§  6)  that  the  principal  mass  of  every  plant  is 
composed  of  cellular  tissue,  vascular  tissue,  or  of  woody  fibre;  also  that 
^ere  are  contained  in  the  cellular  membrane  partly  solid  substances,  as 
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starch,  cblorophyl,  resin,  salte,  &c.,  and  partly  a  watery  sap,  holding  in  solu- 
tion sugar,  gum,  acids  in  union  with  metallic  oxides,  albumen,  &c. ;  to  which 
are  to  be  added,  as  the  contents  of  many  plants,  volatile  and  fixed  oils,  with 
other  fatty  matters. 

Daily  experience  also  shows  that  the  chief  mass  of  every  plant,  by  com- 
bustion, passes  into  gaseous  combinations ;  it  disappears,  and  only  the  non- 
volatile metallic  oxides  and  salts  remain  as  osA,  which  forms  an  inconsiderable 
proportion  of  the  weight  of  the  plant. 

Are  we,  therefore,  to  infer  that  starch,  woody  fibre,  sugar,  oil,  albumen, 
&c.,  are  the  nourishing  media  of  plants? 

If  so,  the  soil,  the  water,  and  the  atmosphere,  wherein  plants  pass  their, 
lives,  should  contain  these  bodies,  in  order  that  the  plants  might  therefrom 
simply  receive  them,  and  convey  them  to  their  proper  place. 

But  such  is  not  the  case.  We  never  meet  with  woody  fibre,  starch,  sugar, 
albumen,  &c.,  but  in  the  plant  itself;  it  must  consequently  possess  the  means 
of  assimilating  them,  of  combining  them  out  of  the  simple  chemical  sub- 
stances. 

Consequenili/  the  nutritive  media  of  plants  are  simple  chemical  sub- 
stances,  out  of  which  are  composed  all  the  various  organs,  simple  and 
compound,  with  their  contents,  which  altogether  constitute  the  entire  mass  of 
a  plant, 

85.  Chemistry  also  informs  us  (§  115,  &o.)  what  these  simple  substances 
are  which,  in  combination,  constitute  vegetable  bodies.  These  orig^iate  in 
or  are  formed  from :  — 

Carbon  and  Hydrogen The  volatile  oils. 

{The  vegetable  acids,  woody  fibre,  starch, 
gam,  mucilage,  sugar,  fats,  chlorophyl, 
resin,  ooloaring  matter. 
Carbon,  hydrogen^  oxygen,  and  nitrogen    The  organio  -bases. 

All  these  materials  may  be  perfectly  consumed  by  combustion,  and  there- 
fore we  term  them  the  combustible  constituents  of  plants,  in  contradistinction 
to  those  parts  which  remain  as  ashes  after  combustion,  viz.,  the  so^ 
mineral  vegetable  constituents. 

If  we  submit  the  ashes  of  the  most  opposite  kinds  of  plants  to  the  test 
of  experiment,  we  discover  the  following  constituents  :— 

Acids.  Mbtaluo  Oxides. 

Carbonic  acid.  Poi€Usa, 

Silicic  acid  (Silica).  Soda, 

Phofphoric  aeid.  Lime, 

Sulphuric  acid,  Magnena, 

Nitric  acid.  Alumina. 

Sesctuioxide  of  iron. 

Oxide  of  manganese. 

To  which  are  to  be  added  chloride  of  sodium  (common  salt),  chloride  of 
potassium,  and  in  marine  plants  iodide  of  sodium  and  iodide  of  magncsiam. 

The  acids  and  metallic  oxides  above  mentioned  in  italics  hie  found  in  every 
vegetable  ash,  and  are  therefore  to  be  regarded  as  essential  constituents  of 
plants;  whilst  the  remaining  substances  are  only  found  in  certain  individ- 
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nals,  or  appear  in  so  inngnificant  a  quantity  as  not  to  be  considered  as 
essential  constitaents  of  their  being. 

The  mineral  substances  do  not  constitute  any  of  the  organic  tissues,  but 
are  either  held  in  solution  by  the  sap,  or  are  lodged  in  a  solid  form  within 
ike  cells  (§  9).  For  example,  the  cells  of  many  grasses  contain  so  great  a 
number  of  sUicious  crystals  on  the  margin  of  their  leaves,  that  these  parts 
are  capable  of  cutting  like  a  knife.  The  Equiseta  or  shave-grass  plants 
have  a  large  quantity  of  this  earth ;  and  hence  their  utility  in  the  polishing 
of  woodj  &c. 

The  carbonates  of  metallic  oxides  are  not  found  in  living  plants.  The 
earbonic  add  originates  on  the  combustion  of  the  plant,  and  in  the  destruo* 
tion  of  the  vegetable  acids  (the  oxalic,  tartaric,  &c.).  This  is  also  the  case, 
in  some  degree,  with  a  portion  of  the  sulphuric  and  phosphoric  acids. 

86.  Every  individual  plant  may  be  compared  to  a  magazine  or  store,  which 
contains  many  different  simple  materials  in  very  unequal  quantities.  No  one 
of  these  materials  can  be  produced  in  the  interior  of  the  plant;  consequently 
it  must  have  absorbed  them  from  without.  If  the  materials  necessary  for 
the  healthy  development  of  a  plant  are  not  to  be  had  within  its  reach,  it 
either  perishes  or  prolongs  a  miserable  existence. 

AU  plants  do  not  contain  tJie  same  constituents  in  equal  proportions ;  hut 
/or  any  one  genus  or  specif  of  plants,  these  constituent  parts  are  requisite 
in  a  certain  quantity. 

Nature  universally  supplies  the  means  necessary  for  the  development  of 
plants,  but  in  very  unequal  proportions.  The  barest  rocks,  the  deep  morass, 
the  shifting  sand,  the  deep  seas,  the  ploughed  fields,  the  rubbish  heap  and 
trim  garden — all  these  support  plants,  and  are  adorned  therewith.  But  the 
plants  themselves  are  not  similar.   They  differ  as  much  as  do  their  localities. 

The  cultivation  of  plants,  the  science  of  agriculture,  consists  solely  in  this, 
viz.,  to  prepare  the  soil  in  such  a  manner  that  the  plants  to  be  produced 
therein  may  find  within  their  reach  such  nutritive  materials  as  may  be  most 
conducive  to  their  full  development. 

As  it  is  impossible  to  convey  any  satisfactory  knowledge  of  these  external 
conditions  of  vegetable  life  without  some  accurate  notions  of  the  constituent 
parts  of  plants  and  of  their  various  formations,  we  shall  in  the  following 
sections  treat,  first,  of  the  assimilating  process  in  reference  to  combustible 
constituents  of  plants ;  and,  secondly,  of  their  mineral  constituents. 

Assimilation  of  the  Combustible  Constituent  Parts  op  Plants. 

87.  In  these  we  find  the  following  simple  materials : — 1st.  Carbon.  2nd. 
Hydrogen.     3rd.  Oxygen.     4th.  Nitrogen.     5th.  Sulphur. 

1.  Assimilation  op  Carbon. 

Carbon,  by  itself,  is  totally  insoluble  in  water,  and  hence  cannot,  through 
this  medium,  be  introduced  into  the  circulation  of  the  plant.  Neither  can 
it  be  assimilated  in  its  solid  form,  because,  in  accordance  with  the  law  of 
vegetable  absorption  (§  10),  a  plant  is  incapable  of  receiving  any  body  into 
its  circulation,  which  is  not  in  a  fluid  condition.  All  the  carbon  which  is 
met  with  in  plants  must  have  been  received  by  them  in  the  form  of  a  com- 
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pound,  which  is  solnhle  in  water.    This  body  is  carboMc  acid,  which  (ooatp. 
Chem.,  §  52)  consists  of  carbon  and  oxygen. 

Hence  we  consider  carbonic  acid  as  one  of  the  chief  natritious  coostitaents 
of  the  food  of  plants. 

This  material  is  principally  received  into  the  system  of  the  pLint  throngfa 
the  rootSy  and  partially  through  the  leaves;  and  the  carbonic  acid  is  deeom* 
posed  in  the  plant  itself.  Its  carbon  is  applied  to  the  formation  of  the  vege* 
table  organs ;  its  oxygen  is  allowed  to  escape  by  the  leaves. 

The  root  (§  24)  sucks  up  the  water  in  its  neighbourhood.  All  the  watet 
of  both  land  and  sea  holds  carbonic  acid  in  solution.  It  is  produced  from 
the  never-failing  supply  of  dead  and  decaying  animal  and  vegetable  matter 
on  the  surface  of  the  earth,  and  also  by  the  respiration  of  man  and  animals. 

During  the  development  of  the  embryo,  and  while  the  stem  does  not  appear 
above  ground,  and  further  till  the  leaves  are  produced,  the  root  is  exclusively 
the  medium  of  supplying  carbonic  acid  to  the  plant. 

The  development  and  growth  of  plants  are  remarkably  prcnnoted  by  an 
abundant  supply  of  humus  (Chem.,  §  164),  a  substance  produced  by  decayed 
vegetable  substances,  and  consecjuently  containing  a  large  suf^ly  of  carbo«iio 
acid. 

For  plants,  whose  mrowth  is  of  long  duration,  as  trees,  for  example,  every 
soil  contains  an  ample  supply  of  carbonic  acid  necessary  for  their  existence 
and  growth.  Annual  plants,  on  the  other  hand,  which  have  a  rapid  and 
luxuriant  growth,  as  cabbages,  turnips,  &c.,  require  soil  specially  rich  in 
humus.  For  such  crops  the  ground  is  either  improved  by  spreading  on  it 
and  mixing  with  it  vegetable  and  animal  manure,  or  rich  earth  brought  from 
the  woods  or  commons ;  or  else  by  frequently  repeated  ploughings  and  hmr- 
rowings,  in  order  that  the  oxygen  of  the  atmosphere  may  unite  with  the 
carbon  of  the  decaying  substances,  and  so  form  carbonic  acid. 

By  itself  humus  is  just  as  insoluble  in  water  as  carbon ;  and  hence  it  is 
not  a  medium  of  nutrition  for  the  plant  till  it  has  gradually  been  converted 
into  carbonic  acid :  but,  like  vegetable  charcoal,  it  possesses  in  a  high  degree 
the  quality  of  attracting  carbonic  acid  and  aqueous  vapour  from  the  atmo- 
sphere ',  and  it  is  this  quality  chiefly  which  renders  humus  so  valuable  a 
nutritious  material  for  plants. 

The  presence  of  humus  in  the  soil  can  be  recognised  by  the  dark  odoar 
of  the  earth.  The  quantity  may  be  ascertained  by  igniting  a  portion  of  the 
soil,  whereby  the  combustible  humus  is  destroyed  or  dissipated,  and  the 
mineral  constituents  of  the  soil  remain. 

88.  The  leaves  inhale  through  their  stomata  or  breathing  pores  (§  17) 
carbonic  acid  from  the  atmospl^ere,  and  exhale  the  oxygen,  which,  when 
separated  from  the  carbon,  is  never  retained  in  vegetable  bodies.  The  sepsr 
ration  of  the  oxygen  only  takes  place  during  the  day,  and  goes  on  with 
greatest  rapidity  when  the  plants  are  exposed  to  the  full  action  of  the  solar 
rays  (Chem.  §  22). 

The  atmosphere  contains,  in  5,000  measures  of  air,  two  measures  of  car- 
bonic acid,  which  plants  are  continually  abstracting  from  it.  The  equilibrium 
IB  as  continually  restored  by  the  breathing  of  animals,  by  combustion,  and 
by  the  decomposition  of  carbonaceous  bodies. 

Although  the  carbonic  acid  of  the  air  appears  only  very  insignificant,  yet 
on  account  of  the  prodigious  extent  of  the  atmosphere,  it  is  sufficient  to  yieM 
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•a  ample  supply  of  carbon  for  the  developiBeiit  of  every  plant  on  the  face 
of  the  earth. 

All  the  phenomena  of  the  vegetable  kingdom  confirm  this  view,  viz.,  that 
the  great  mass  of  carbon  is  received  from  the  atmosphere,  either  directly  by 
the  roots,  or  indirectly  by  the  leaves ;  and  this  view  cannot  be  questioned 
in  reference  to  such  plants  as  cactus,  house-leek,  &c.,  which  grow  on  bare 
rooks,  or  walls  and  roofs ;  or  in  such  as  grow  in  water,  as  forget-me-not, 
hyacinth,  water-cress,  &c. 

89.  Ihirittg  the  night,  and  in  darkness  (in  cellars,  for  elample),  there  is 
no  assimilation  of  carbon  by  the  leaves,  and  no  separation  of  oxygen  by  the 
respiratory  process.  The  plant,  even  in  this  condition,  can  form  new  parts, 
not  certainly  ^m  materials  supplied  externally,  but  out  of  its  own  substance; 
as  is  dearly  shown  by  the  sprouting  and  extension  of  the  stems  of  potatoes 
in  a  dark  cellar. 

If  during  the  night  a  plant  be  covered  by  a  bell-glass,  in  the  morning  the 
i^mosphere  about  the  plant  will  contain  a  larger  measure  of  carbonic  acid 
than  before.  This  is  occasioned  by  the  oxygen  of  the  air  surrounding  the 
plant  effecting  an  oxidising  operation  on  its  surface,  and  thus  occasioning  the 
formation  of  a  certtun  quantity  of  carbonic  acid :  the  amount,  however,  is 
very  unequal  in  different  plants.  It  is  most  abundantly  produced  by  such 
as  contain  a  Lu^  portion  of  easily  oxidisible  volatile  oil  in  their  ghindular 
vessels. 

2.  Assimilation  op  Hydrogen  and  Oxygen. 

90.  In  most  of  the  parts  of  plants  which  contain  hydrogen  and  oxygen, 
the  weight  of  these  two  bodies  is  in  the  same  proportion  to  each  other  as  in 
water,  viz.,  of  8  of  oxygen  to  1  of  hydrogen.     (Chem.  §  28). 

Hence,  these  two  bodies  exist  in  the  form  of  water,  and  are  received  into 
tiie  plant  almost  exclusively  through  the  root.  But,  since  there  are  many 
vegetable  substances,  as,  for  example,  the  volatile  oils,  resins,  &c.,  which 
contain  indeed  hydrogen,  but  which  contain  either  no  oxygen,  or,  at  all 
events,  a  less  proportion  than  that  above  mentioned,  it  follows  that  plants 
possess  the  power  of  assimilating  into  their  constituents  a  portion  of  the  ele- 
ments of  water  received  by  them.  The  hydrogen  in  this  case  is  assimilated, 
the  oxygen  is  exhaled. 

Hence,  the  presence  of  water  is  absolutely  indispensable  for  the  develop- 
ment of  the  plant  It,  however,  absorbs  much  more  than  it  applies  to  the 
enlargement  of  its  mass.  The  superfluous  portion  is  again  evaporated  by 
the  leaves. 

Moreover,  the  leaves  possess  the  capability  of  abs(Mrbing  water  in  the  con- 
dition of  vaponr,  otherwise  the  dew  could  not  have  the  beneficial  influence 
on  vegetation  which  it  certainly  possesses. 

We  will  recur  to  this  part  of  the  subject  when  we  treat  of  the  assimila* 
tion  of  the  mineral  constituents  of  plants. 

d.  Assimilation  op  Nitrogen. 

91.  Though  the  leaves  of  plants  are  constantly  surrounded  by  nitrogen, 
which  amounts  to  four-fifths  of  the  atmosphere,  yet  it  is  never  absorbed  by 
diem. 

30 
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All  tbe  nitrogen  whicli  we  meet  with  in  plants  has  been  reoeived  by  th^ 
roots  from  the  soil,  and  in  the  form  of  a  chemical  combination  of  nitrogen 
with  hydrogen,  as  ammonia.     (Chem.  §  78.) 

We  kDow  that,  in  the  decomposition  of  nitrogenous  substances,  as  of 
animal  bodies  for  example,  ammonia,  easily  distiDguishable  among  the  other 
gaseous  products  by  its  penetratiug  odour,  is  copiously  evolved.  Hence, 
itkia  gaseous  substance  is  difi^ed  through  the  atmosphere,  which,  howev^, 
retains  so  small  a  part  of  it  that  it  is  scarcely  to  be  detected.  The  ammonia 
is  soluble  in  waUr,  and  consequently  returns  to  the  earth  with  every  shower 
of  rain,  and  thence  is  absorbed  by  the  roots  of  the  plants. 

Besides  carbon,  several  minerals  possess  in  a  remarkable  degree,  the  pro- 
perty of  attracting  ammonia  from  the  atmosphere :  among  these,  clay  and 
sesquioxide  of  iron  absorb  this  substance  from  the  air  with  as  great  avidity 
as  a  sponge  imbibes  water,  and  consequently  contribute  essentially  to  the 
procuring  of  nitrogen  for  the  plants. 

92.  Plants  do  not  retain  much  nitrogen.  It  is  found  chiefly  in  the  sap, 
in  the  seeds,  and  in  the  tenderest  parts  or  shoots.  In  2,500  lbs.  of  hay 
there  are  984  lbs.  of  carbon,  and  only  32  lbs.  of  nitrogen. 

We  artificially  facilitate  the  assimihition  of  nitrogen  by  increasing  the 
ammoniaoal  contents  of  the  soil.  This  is  effected  by  scattering  animal 
manure  on  the  ground ;  and  as  the  ammoi^ia  is  very  volatile,  in  order  to 
prevent  its  escape,  it  is  quickly  ploughed  into  the  soil. 

A  great  part  of  the  ammonia,  especially  that  which  is  contained  in  fluid 
manure,  is  lost;  for  the  ammonia  alone,  as  well  as  when  in  combination  with 
carbonic  acid  (carbonate  of  ammonia)  is  volatile. 

On  the  other  hand,  the  sulphates  and  phosphates  of  ammonia  are  not 
volatile  at  the  common  temperature,  and  it  is  the  presence  of  these  two  salts 
which  renders  liquid  manure  so  valuable.  If  the  manure  or  compost  heap 
receives  from  time  to  time  diluted  sulphuric  acid,  this  prevents  the  escape 
of  the  ammonia  by  combining  with  it,  and  hereby  it  b  reserved  for  the 
nourishment  of  the  plant. 

93.  Gypmm  is  also  of  great  utility  in  combining  the  ammonia  with  the 
soil.  If  gypsum  (sulphate  of  lime,  Chem.  §  81)  be  scattered  upon  the 
land,  the  sulphuric  acid  of  the  gypsum  unites  with  the  ammonia^  which  is 
present,  whereby  the  volatility  of  the  latter  is  prevented,  and  its  fertilisiDg 
properties  retained. 

The  effect  of  gypsum  as  a  fertiliser  is  so  striking,  that  Franklin,  who  had 
learned  its  good  qualities  in  Europe,  was  desirous  of  introducing  it  to  the 
notice  of  his  fellow-citizens  in  America.  They,  however,  lent  an  incredulous 
ear  to  his  recommendations,  and  disbelieved  the  marvellous  effects  of  a  few 
bushels  of  gypsum  sown  on  the  land.  Franklin  posted  on  a  declivity  of  a 
field  manured  with  gypsum  the  words,  "2%c  effects  of  Ch^mmJ*  The  luxu- 
riant growth  of  the  crop  emphatically  told  the  wayfarers  that  gypsum  was  a 
manure  of  surpassing  importance,  and  it  needed  no  further  commendations. 

Assimilation  op  Sulphur. 

94.  Sulphur  is  found  in  plants  in  still  smaller  proportions  than  nitrogen. 
It  is,  however,  always  present  in  albumen,  in  fibrin,  and  in  casein,  the  latter 
of  which  (comp.  Chem.  §  149)  contains  from  one-half  to  two  per  cent,  of 
substance. 
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All  snlpbur  found  in  the  plant  reaches  it  by  the  roots,  and  always  in  the 
form  of  sulphuric  acid,  which  we  consequently  are  to  regard  as  one  of  the 
nutritiYe  media  of  plants.  This  acid,  though  in  small  proportions,  is  met 
with  in  every  soil,  and  chiefly  in  combination  with  lime,  forming  gypsum. 
This  salt  is  soluble  in  water,  and  through  this  medium  is  well  adapted  for 
assimilation.  Moreover,  all  manures  contain  sulphate  of  ammonia,  a  salt 
which,  by  its  richness  in  nitrogen  and  sulphur,  is  specially  conducive  to  the 
growth  of  those  parts  of  plants  which  contain  these  materials. 

Hence,  the  scattering  of  g3rp6um  on  the  land  is  also  valuable  on  account 
of  sulphur  it  contains,  and  it  is  especially  beneficial  in  promoting  the  growth 
of  leguminous  plants,  clover,  &c. 

Assimilation  of  Mineral  Constituents. 

95.  The  mineral  constituents  of  plants  are  combinations  of  silicic  acid, 
phosphoric  acid,  and  sulphuric  acid,  with  potassa,  soda,  lime,  and  magnesia; 
and,  moreover,  chlorides  of  potassium  and  sodium.  Alumina,  oxides  of  iron 
and  manganese,  nitric  acid,  and  iodine  are  more  rarely  found  in  plants. 

The  sum  of  these  incombustible  materials  contributes  but  a  very  small 
proportion  of  the  weight  of  the  plant.  100  lbs.  of  the  following  vegetable 
substances  yielded  the  annexed  quantities  of  ash :  pine-wood,  j'^  lbs. ;  oak- 
wood,  2i  lbs.;  wheat-straw,  4}  lbs.;  limetree-wood,  5  lbs.;  potato-haulm, 
15  lbs. 

Difierent  parts  of  one  and  the  same  plant  contain  unequal  quantities  of 
mineral  constituents.  They  are  generally  far  more  abundant  in  the  leaves, 
in  the  seeds,  and  in  the  bark  than  in  the  stem  and  roots :  100  lbs.  of  pine- 
leaves  gave  8  lbs.  of  ash,  and  the  same  quantity  of  oak-bark  and  leaves 
yielded  from  8  to  9  lbs. 

The  quantity  of  ashes  yielded  by  different  plants  is  not  only  unequal,  but 
the  composition  also,  as  the  following  table  shows,  which  is  drawn  up  from 
te  analysis  of  the  ashes  of  the  under-mentioned  plants :  — 


100  parts  of  ashes  of:  — 
3.  •»    ,       f  Straw 

Potawft-and 
Sodft-Saltfl. 

Lime- and 
UagnedarSalts. 

ffiUdoAdd. 

22-00 
4700 
2000 
2900 
27-82 
89-20 
4-20 
86-81 
8800 
81-60 

7-00 
44-50 
20-20 
82-6 
63-74 
66-00 
69-40 
14-19 
12-00 
18-40 

61-00 
0-5 

67-0 

36-6 
7-81 
4-90 

36-40 

4.  '^"^^y     Grain!.;; ; 

6.  Peau-haulm 

6.  CloTer 

7.  T>^*«*^  /  Haulm 

a  ^^^*n  Tubers 

9.  Red  Beet-root 

10.  White  Beet-root 

From  this  table  we  plainly  perceive  the  difference  in  the  composition  of 
ashes  yielded  by  these  different  plants,  as  well  as  the  difference  in  the  dif- 
ferent parts  of  the  same  plant;  for  while  the  ashes  of  pea-haulm  contain 
^/oS  ^^  ^^  ^^  Vimef  the  straw  of  wheat  has  only  7,  and  the  grain  44yY{f. 
Hence  we  may  with  certainty  conclude  that  every  plant  must  have  a  definite 
amount  of  mineral  substances  in  its  composition.    These  materials,  held  in 
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solutioii  by  water,  oan  only  be  received  into  the  system  of  &e  plant  through 
the  medium  of  the  roots. 

If  the  soil  does  not  contain  these  materials,  or  oontdns  them  in  pr<^)or- 
tions  inadequate  to  the  necessities  of  the  plants,  certain  parts  cannot  be 
developed  at  all,  or  only  imperfectly. 

This  has  been  ascertained  by  accurate  experiments.  In  pure  qnartz-aand, 
for  example,  the  pea  germinates  and  grows,  but  produces  no  seed.  The  same 
thing  occurs  when  salts  of  lime  and  potassa  are  added  to  the  sand. 

96.  So  long  as  there  is  present  in  the  soil  an  abundance  of  carbonic  acid, 
water,  and  ammonia,  which  convey  the  carbon,  hydrogen,  oxygen,  and  nitro- 
gen to  the  pbint,  so  long  do  the  mineral  constituents  of  the  plant  display 
&16  greatest  inequality  in  their  distribution. 

The  soil,  as  we  know  by  mineralogy,  is  nothing  else  but  disintegrated 
rock ;  consequently,  the  nature  of  the  soil  depends  on  the  oompodtion  of  the 
rocks  which  form  its  constituent  parts.  Pure  limestone  or  quartz  would,  by 
atmospheric  influences,  be  converted  into  soil  containing  only  lime  or  silica, 
and  hence  the  potassa  necessary  for  the  plant  could  not  originally  be  in  the 
ground.  The  compound  rocks,  on  the  contrary,  such  as  granitic,  4)asalticy 
porphyritio  rocks,  cbiy-slate,  greywacke,  lava,  and  many  others,  contain  all 
the  mineral  constituents  found  in  the  ashes  of  plants,  and  hence,  by  the 
decomposition  of  such  rocks,  the  most  fertile  soils  are  produced.  (Comp. 
Miner.  §  84—104. 

97.  In  the  seeds  of  grasses,  and  in  most  other  seeds,  lime  and  magnesia 
are  always  present  in  combination  with  phosphoric  acid.  One  hundred 
pounds  of  the  ashes  of  wheat  yield  45  lbs.  of  yellow  peas,  34  lbs.  of  phos- 
phoric acid.  The  phosphoric  acid  is  originally  found  combined  with  lime  as 
a  mineral  forming  apatite  (Min.  §  36).  The  phosphate  of  lime  is  assimi- 
lated in  the  seed,  and  animals,  by  its  consumption,  derive  the  necessary  supply 
for  the  formation  of  their  bones.     (Chem.  §  44.) 

98.  In  many  plants  one  of  the  mineral  constituents  occurs  much  more 
abundantly  than  the  others,  as  (comp.  §  95)  silica  in  wheat,  lime  in  the  pea, 
potassa  in  the  roots  of  beet,  &c. 

Hence  plants  may  be  separated  into  alkaline,  calcareous,  and  nlioioDs 
plants. 

To  the  alkaline  plants  belong  wormwood,  spinach,  Humgold-wurzel,  turnip, 
and  maize; 

To  the  cahareotui  plants,  the  lichens,  cactus,  clover,  bean,  pea,  and 
tobacco. 

To  the  silicious  plantSf  wheat,  barley,  rye,  oats,  and  grasses  generally,  as 
well  as  heatF,  broom,  and  acacia. 

By  far  the  greatest  portion  of  plants  is  capable  of  being  classed  by  the 
prevalence  of  these  constituents  in  their  seeds,  or  in  their  stems  or  roots, 
under  some  one  or  other  of  these  three  groups,  and  such  plants  are  gene- 
rally capable  of  a  wider  distribution. 

99.  After  we  have  ascertained  the  importance  of  the  mineral  constitiients 
in  the  economy  of  plants,  we  shall  have  no  difficulty  in  accounting  for  the 
appearance  of  many  plants  in  certain  localities  only.  As,  for  example,  we 
find  the  wild  celery  and  the  salsolas  only  in  the  neighbourhood  of  the  sea, 
or  of  saline  springs,  because  they  require  a  considerable  portion  of  soda 
which  they  cannot  find  except  in  such  places.    The  borage  and  thomrappie^ 


MANURE.  469 

on  the  toatnry,  are  always  found  in  the  vioinity  of  human  habitationSi  boUi 
plants  requiring  a  larger  supply  of  saltpetre  which  is  deriyed  from  the  decom- 
position of  exorementitions  animal  substances.     (Ohem.  §  69.) 

Certain  plants  altogether  disappear  in  some  plaoes  that  are  yery  plentiful 
in  other  localities.  In  the  argillaceous  soils  of  the  banks  of  the  Wey  and 
Thames  the  purple  heath  and  yeUow  broom  are  looked  for  in  yaiu;  while  at 
the  distance  of  a  few  miles,  on  St.  George's  Hill,  £sher  and  Dartford 
Heaths,  the  soil  of  whole  woods  and  hangers  are  completely  ooyered  with 
these  plants. 

The  presence  or  absence  of  these  characteristic  plants  affords  the  surest 
test  of  the  nature  of  the  soil,  which  is  thus  readily  known  without  the 
trouble  of  submitting  it  to  a  chemical  analysis. 

100.  The  presence  of  water  in  the  soil  is  not  only  necessary  as  a  oon- 
dooting  medium  for  the  carbonic  acid  and  the  ammonia,  but  also  fbr  dissolv- 
ing and  holding  in  solution  the  other  mineral  constituents  which  are  thus 
rendered  absorl^ble  by  the  roots  of  plants. 

A  sufficiency  of  water  is  indispensable  to  the  existence  of  plants.  A  soil 
may  contain  abundance  of  humus,  ammonia,  and  salts ;  but  these  consti- 
tuents are  a  sealed  and  unavailable  treasure  in  the  absence  of  water,  which 
is  necessary  to  dissolve  them,  and  reduce  them  to  a  fit  condition  for  assimi- 
lation. 

The  capability  of  the  soil  to  attract  and  to  retain  moisture  is  dependent 
on  its  argillaceous  contents.     (Min.  §  49.) 

But  too  much  clay  is  as  detrimental  as  a  deficiency  of  this  material.  In 
that  case,  the  soil  is  either  constantiy  wet,  cohesive,  and  inaccessible  to  atmo- 
spheric influences,  or  it  is  too  hard,  and  consequenUy  impenetrable  by  the 
roots  of  plants.  Only  rushes,  reeds,  and  other  worthless  weeds  appear  on 
such  soils,  and  they  are  hence  called  clay  plants. 

MANURE. 

101.  It  has  been  found  by  experiment  that  a  field  of  4  acres,  or  5,760 
square  yards,  cropped  or  cultivated  with  wheat,  yielded  180  lbs.  of  potassa- 
salts,  67  lbs.  of  lime-salts,  and  260  lbs.  of  siHcic  acid,  or  altogether  857 
lbs.  of  mineral  constituents.  Of  these,  112  lbs.  were  phosphates.  If  a 
rotation  of  similar  crops  be  taken  for  several  years  in  succession  from  the 
same  field,  it  is  evident  that  a  considerable  portion  of  these  minerals  must 
be  derived  from  the  soil,  which  consequentiy  gradually  impoverishes  its  sur- 
face, and  diminishes  its  fertility. 

In  fact,  after  a  few  years  of  such  cropping,  the  productive  quality  of  the 
soil  is  so  far  diminished,  that  the  land  barely  returns  the  seed.  The  cause 
of  this  is,  that  the  plants  can  no  longer  find  in  the  soil  those  mineral  con- 
stituents which  are  requisite  for  their  full  development. 

If  we  must  have  an  uninterrupted  succession  of  crops,  we  must  be  careful 
to  restore  to  the  land,  by  the  process  of  manuring,  as  large  a  quantity  of 
these  mineral  substances  as  we  have  taken  from  it. 

The  dung  of  cattie,  night-soil,  and  other  animal  products,  contain  phos- 
phates and  sulphates.  If  these  are  laid  on  the  field,  it  will  again  be  in  a 
condition  to  nourish  the  plants  cultivated  thereon.    Such  manures  are  besides 
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beneficial  in  fornishiog  carbonic  add  and  ammonia  daring  the  process  of 
decomposition. 

It  is  also  clear  that  a  number  of  snbstances  are  applicable  as  manures,  if 
the  former  cannot  be  conveniently  procured. 

Coprolites,  gypsum,  bone-dust,  wood-ashes,  turf  and  coal-ashes,  soap-lees, 
burnt  lime,  and  the  ammoniacal  rejectamenta  of  various  manufactures,  form 
manuring  materials  of  very  considerable  value. 

The  more  accurately  we  know  the  component  parts  of  soils,  the  more 
efficiently  we  can  manure  the  land.  And  the  addition  of  a  few  bushels  of 
the  proper  manure,  supplying  exactly  what  the  soil  wanto,  is  better  than 
whole  loads  of  dung  applied  mdiscriminately. 

FALLOW. 

102.  A  soil  impoverished  by  cropping  is  often  renovated  and  fertilised  with- 
out dung,  by  leaving  it  uncultivated  for  a  longer  or  shorter  period.  This 
operation  is  named  fallowing ;  and,  in  many  countries,  where  the  population 
is  not  dense,  is  exclusively  practised  as  a  means  of  restoring  fertility  to  the 
land,  without  the  expensive  process  of  manuring. 

This  remarkable  phenomenon  is  explicable  on  these  principles,  vii.,  that 
during  the  time  of  fallowing,  the  air  and  water  uninterruptedly  act  upon  the 
soil,  and  occasion  a  farther  decomposition,  or  disintegration  of  its  particles. 
By  the  same  process  the  soluble  mineral  constituents  of  the  soil  are  again  in 
sufficient  abundance  for  a  future  crop,  and  in  a  condition  to  be  dissolved  by 
water,  and  absorbed  by  the  roots  of  plants.  For  the  better  understandiiig 
of  this,  it  should  be  recollected,  that  the  most  of  the  salts  that  enter  into  the 
composition  of  vegetable  substances  are  very  difficultly  soluble,  and  therefoie 
they  require  a  considerable  period  in  order  that  the  water  of  the  soil  may 
dissolve  them. 

Only  a  few  soils  which  are  naturally  very  fertile,  as  disintegrated  lava,  for 
example,  [or  the  rich  loam  and  alluvial  lands  of  North  America,]  will  bear 
successive  cropping,  without  either  manuring  or  fallowing. 

ROTATION. 

103.  In  §  95  we  have  seen  that  different  genera  of  plants  not  only  extract 
different  mineral  constituents  from  the  soil,  but  also  that  they  extract  these 
in  very  unequal  proportions.  While  a  field  of  four  acres,  by  a  wheat  crop, 
is  deprived  of  112  lbs.  of  phosphates,  a  crop  of  turnips  only  takes  from  the 
land  88  lbs.  Hence  it  is  clear  that  this  field  will  produce  three  crops  of 
turnips  without  being  more  exhausted  than  by  one  crop  of  wheat 

It  is  also  clear,  that  a  soil  which  for  one  sort  of  crop  is  exhausted,  may 
be  weU  suited  for  the  production  of  two  or  even  three  crops  of  a  different 
kind.  Without  fresh  manuring,  a  crop  of  clover,  or  of  potatoes,  may  be 
taken  after  a  crop  of  wheat,  because  these  demand  a  less  quantity  of  phos- 
phates for  their  growth  and  development. 

A  rotation  of  crops,  however,  cannot  be  very  precisely  prescribed,  as  it 
must  be  entirely  regulated  by  the  nature  of  the  soil,  which  varies  in  different 
places.  But  genenuly  on  a  well-arranged  system  of  rotation,  after  a  thorough 
manuring,  a  field  will  bear  several  successive  crops  without  fallowing,  which, 
to  a  large  extent,  is  not  practicable  in  densely-populous  countries. 
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AGRICULTURE. 

104.  This,  the  most  important  of  all  onr  industrial  occupations,  has  hitherto 
been  practised  only  empirically,  hence  its  scientific  treatment  most  neces- 
sarily be  productive  of  very  advantageous  results. 

The  prosperity  of  agriculture  is  surely  to  be  deemed  more  conducive  to  the 
welfare  of  a  nation  than  that  of  any  branch  of  manufacturing  industry  what- 
ever. From  the  fact  that  the  Emperor  of  China  annually  ploughs  a  portion 
of  a  field^  and  that  the  famous  Emperor  Joseph  once,  on  his  travels  through 
Bohemia,  drew  a  furrow  with  his  own  hand,  we  perceive  the  yast  import- 
ance that  these  potentates  attached  to  this  science. 

105.  Plants  i^ord  an  ample  remuneration  for  the  labour  and  care  bestowed 
on  their  cultivation.  Only  let  us  compare  the  tubers  of  the  wild  potato,  not 
usually  larger  than  a  pea,  growing  on  the  mountains  of  Mexico,  with  the 
gigantic  tubers  of  onr  fields,  some  averaging  nearly  a  pound  in  weight  —  or 
the  wild  carrot  root,  no  thicker  than  a  quill,  and  hard  as  wood  —  with  the 
large  juicy  vegetable  cultivated  for  our  tables,  or  finally,  the  sour  crab-apple 
of  our  woods  and  hedges,  with  the  delicious  ribstone-pippin ;  and  we  shall 
have  a  convincing  proof  of  the  almost  miraculous  effects  of  cultivation. 

We  may,  perhaps,  be  permitted  to  relate  the  following  incident,  as  a  fur- 
ther confinnatory  proof  of  the  public  and  private  advantages  of  planting  :— 
In  WallerstadteUf  a  small  village  near  Darmstadt,  a  French  soldier,  sick, 
wounded,  and  poor,  was  left  behind,  during  the  Seven-years'  War,  and 
through  the  hospitality  and  care  of  the  kind  villagers  recovered  his  health 
and  strength.  Being  attached  to  the  people  and  to  the  place,  he  determined 
to  pass  his  life  among  them,  and  to  support  himself  by  his  labour.  The  care 
of  all  the  cows  of  the  village  was  entrusted  to  him,  and  whilst  he  tended  the 
herd,  he  planted  with  apple  and  other  fruit-bearing  trees  all  parts  of  the 
common  pasture  suitable  for  their  growth.  The  plants  he  reared  at  home 
and  carried  with  him,  and  put  them  into  the  soil,  or  dressed  or  pruned  them 
when  his  charge  permitted  him  leisure  for  so  doing.  The  eflPect  of  his  labour 
is,  that  the  whole  common  pasture  of  this  village  has  become  an  orchard, 
which  yields  a  considerable  annual  sum  to  the  community.  Thus  one  good 
action  was  recompensed  by  another ! 

PARASITICAL  PLANTS. 

106.  There  are  many  plants  which  do  not  grow  immediately  from  the 
earth,  but  strike  their  roots  into  certain  parts  of  other  plants.  Their  roots 
are  generally  united  with,  or  developed  on,  the  cortical  layers  of  the  plants 
on  which  they  grow ;  thus  evidently  abstracting  a  portion  of  their  sap  and 
retarding  their  growth.  The  misletoe  is  a  plant  of  this  kind,  and  is  usually 
found  growing  on  fruit  trees  or  on  the  white-thorn,  poplar,  &c.  Many  para- 
sites also  grow  on  the  roots  of  other  plants,  as  the  broom-rape  (orobanche), 
lathrcea  (tooth-wort),  i/ellow  hird^s  nest  (monotropa);  and  many  other  plants 
belonging  to  the  order  Schopbulariceae,  as  rhinanthus,  euphrasia,  &c.,  have 
been  recently  discovered  to  be  of  a  parasitic  nature.  On  flax,  beans,  clover, 
furze,  &c.,  several  species  of  cuscuta  usually  grow ;  a  curious  genus  of  pretty 
climbers. 
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DURATION  OF  PLANTS. 

107.  While  only  a  few  hours  are  pennitted  for  the  developmeni  of 
myriads  of  the  minute  or  microscopic  fund,  some  fungous  plants  live  for 
days,  months^  and  a  few  of  the  more  woody  kinds,  still  longer.  In  §  80, 
we  have  shown  that  the  duration  of  the  more  highly-organised  forms  of 
vegetable  life  is  much  longer ;  indeed,  with  the  exception  of  annucU  and 
biennial  plants,  all  others  live  to  a  very  advanced  period. 

By  the  number  of  annually  deposited  rings  or  woody  layers  it  has  been 
satisfactorily  proved  that  there  are  many  trees  of  upwards  of  2000  years  of 
age^  and  these  still  growing  vigorously.  On  the  banks  of  the  Senegal  there 
are  trees  of  the  baobab,  or  monkey-bread  kind,  that  are  not  less  than  6000 
years  old ! 

Generally,  but  not  universally,  the  circumference  or  extent  of  growth  at 
a  plant  corresponds  to  its  age.  A  large  diameter  indicates  a  great  age. 
While  our  red-pine  attains  a  height  of  from  160  to  180  feet,  and  a  diameter 
of  6,  there  are  palms  which^  without  being  thicker,  reach  to  the  immense 
altitude  of  250  feet.  There  are  many  of  the  winding  plants  of  South  Ame- 
rica which  have  stems  of  only  about  an  inch  in  diameter,  and  which  reach 
the  astonishing  length  of  1,500  feet.  On  Mount  Etna  there  is  an  ancient 
chestnut  tree,  the  circumference  of  which  amounts  to  from  60  to  80  feet 

An  elm,  at  Worms,  called  the  Luther  tree,  is  116  feet  high,  and  35  feet 
in  circumference.  Its  age  may  be  from  600  to  800  years.  The  baobab 
tree,  just  mentioned,  reaches  to  the  height  of  only  from  60  to  80  feet^  with 
a  diameter  of  27  feet 

[Still  larger  trees,  both  in  regard  to  girth  and  altitude,  than  any  of  the 
foregoing,  are  to  be  found  in  northern  California,  and  in  Oregon.  A  pros* 
trate  tree  was  found  to  measure  250  feet  in  lengthy  and  58  feet  in  ciroum- 
ference  at  the  base.] 

The  retention  of  their  vitality  by  seeds  is  also  very  unequal.  Many  lose 
it  in  the  course  of  a  year.  And  seeds  of  barley,  produced  during  the  time 
of  the  irruption  of  the  Arabs  into  France,  have  retained  their  vitality  ever 
since,  a  period  of  600  years.  Indeed,  it  has  been  affirmed,  that  com  found 
in  the  sepulchres  of  the  ancient  Egyptian  kings,  has  germinated,  and  sueh 
com  cannot  be  less  than  2000  years  old. 

DISTRIBUTION  OR  DISPERSION  OF  PLANTS. 

108.  The  surface  of  the  earth  is  very  unequally  covered  with  plants. 
Towards  the  Poles,  plants  gradually  diminish  both  in  number  and  in  size,  so 
that  the  lofty  pine,  in  the  inhospitable  wastes  of  high  latitudes,  becomes  a 
stunted  shrub.  Lichens  and  mosses  are  almost  the  only  covering  of  the  cold 
rocky  surface ;  and  in  the  regions  of  perpetual  frost  and  snow  all  vegetable 
life  ceases.  On  the  other  hand,  in  the  regions  which  lie  towards  the  equator, 
vegetation  assumes  the  richest  and  most  gorgeous  aspect,  appearing  under 
various  and  often  gigantic  forms,  yielding  the  fairest  blossoms,  the  most 
exquisite  perfumes,  and  the  most  delicious  fruits. 

Plants  are,  in  general,  confined  to  certain  regions  of  the  earth,  or  even  to 
more  limited  localities,  where  they  find  what  is  necessary  for  their  healthy 
existence.  Imaginary  lines  may  be  laid  down  on  the  surface  of  the  earth 
which  will  show  the  limits  of  the  different  countries  where  the  olive,  the 
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vine,  fhe  wbeat,  the  maize,  the  rice,  and  many  other  planti;  cam  be  saocess- 
fully  cnltivated. 

These  lines  of  equal  temperatore  (isothermal  lines)  are  not  parallel  with 
the  equator,  as  we  have  shown  in  Physics,  §  126,  that  local  influences  have 
a  consideral  effect  in  altering  the  temperature. 

In  the  temperate  climate  of  England  many  plants  from  Australia  and 
Polynesia,  which  would  be  frozen  in  Germany,  grow  in  the  open  air,  whilst 
the  grape  and  peach  rarely  ripen  in  Grreat  Britain,  because  they  require  a 
higher  summer  temperature  than  the  insular  situation  of  that  country  permits 
them  to  enjoy.  These,  however,  ripen  in  Germany,  because  the  summer 
temperature  there  is  proportionably  higher.  Lofty  mountains  in  the  warm 
legioos  of  the  world  produce  at  difSsrent  altitudes  plants  of  the  most  une- 
qual climates.  For  while  palms  and  orange-trees  flourish  at  their  base^ 
their  lofty  rocky  summits  are  clothed  with  lichens  or  eternal  snow. 

109.  Within  natural  limits,  Nature  has  abundantly  provided  for  the  dis- 
persion of  pbints.  She  has  supplied  some  of  them  with  feathery  or  downy- 
covered  oro¥ms,  whereby  the^  are  wafited  from  place  to  pbice  with  every 
breeze,  or  even  breath  of  wind ;  others  are  provided  with  sharply-hookod 
appendages,  whereby  they  attach  themselves  to  the  woolly  coverings  of  ani- 
mtds,  and  thus  are  conveyed  to  considerable  distances.  The  birds,  the  her- 
bivorous mammals,  the  floods,  the  rivera,  and  even  the  sea,  are  active  agents 
in  distributing  plants  to  very  remote  stations. 

The  riches  of  the  vegetable  world  in  both  hemispheres,  in  America,  Asia, 
Aostnlia,  New  Zealand,  have  been  disclosed  to  us  through  the  enterprising 
and  successful  expeditions  of  modern  travellers  and  discoverers.  Every  year 
brings  an  accession  of  new  plants,  many  of  which  are  acclimatised,  which, 
on  their  introduction,  were  supposed  to  require  the  protection  of  a  conserva- 
tory. Many  are  even  self-propagated.  The  beautiful  evening  primrose 
(CEnothera),  which  in  1614  was  first  introduced,  now  grows  freely  and 
blossoms  in  our  hedges.  Also  the  Canadian  flea-wort,  which,  since  the  dis- 
covexy  of  America,  was  accidentally  introduced  among  rye,  has  become  a 
oommon  weed  in  many  fields  contiguous  to  the  sea,  or  to  a  sea-port. 

By  the  Flora  of  a  country  or  district  we  understand  an  enumeration  or 
catalogue,  descriptive  or  otherwise,  as  the  case  may  be,  of  all  the  plants 
growing  spontaneously  in  that  country  or  district. 


m.  CLASSIFICATION  OF  PLANTS. 

SYSTEMATIC  BOTANY. 

110.  In  classifying,  as  well  as  in  distinguishing,  the  great  body  of  plants 
composing  the  vegetable  kingdom,  very  definite  and  permanent  characteristic 
marks  should  be  employed.  For  example,  if  we  were  to  classify  by  magni- 
tude  into  herbaceous,  firutescent,  and  arboreous  plants  (herbs,  shrubs,  and 
trees),  we  must  place  the  willow  in  every  one  of  these  classes,  for  on  the 
mountains  it  appears  herbaceous  (^alix  herbacea),  in  osier  holts,  frutesccnt 
(Salix  viminalis),  and  on  the  plains  and  meadows  as  arboreous  (Salix  cinera). 

For  the  most  prevalent  artificial  method  of  classifying  plants  we  are  in- 
debted to  Linnaeus,  a  Swede,  bom  in  1707,  to  whom  has  been  assigned,  by 
universal  consent,  the  first  rank  among  the  most  distinguished  naturalists. 
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Linnsaas  followed  two  different  methods  in  the  elasaifioation  of  plants.  In 
the  one  he  founded  the  classes  and  orders  upon  certain  peculiarities  of  the 
floral  organs.  In  the  other  he  classified  all  plants,  bj  certain  general  re- 
semblances which  exist  among  plants,  into  what  are  called  natursu  orders  or 
families.  This  latter  method  was  very  much  improved  by  Jussieu,  Curates 
of  the  Jardin  des  Plantes,  Paris,  and  more  recently  by  A.  P.  DecandoUe, 
of  Geneva,  and  Dr.  J.  Lindley,  of  London.  This  is  called  the  nattircd 
methodj  or  natural  system,  of  botany,  whilst  the  former  is  termed  the  arti- 
ficicd  or  lArmxan  system. 

111.  Those  plants  which  correspond  in  all  essential  and  unvarying  macks 
or  characters  belong  to  one  sort  or  spedes. 

All  plants  corresponding  in  certain  more  comprehensive  marks  or  oharao- 
ters  form  a  kind  or  genu*.  These  generic  marks  are  chiefly  certain  parts 
of  the  blossom. 

All  plants  constituting  a  genus  bear  the  name  of  the  genus,  which  is 
called  the  generic  name,  and  also  a  second  name,  called  the  specnfio  name, 
which  distinguishes  the  species.  Thus  the  genus  Vhlay  violet,  includes  the 
species  Viola  odorata,  sweet  violet;  Viola  canina,  dog  violet;  Viola  tricolor , 
heartsease ;  and  many  more  species  besides. 

It  is  necessary  to  give  the  Latin  names  in  describing  plants,  because  the 
same  plant  does  not  bear  the  same  name  in  every  country,  nor  always  in  the 
same  country ;  for  there  are  provincial  names  of  things  as  well  as  provincial 
dialects :  hence  the  Latin,  which  is  universally  understood  by  the  learned 
and  scientific,  is  always  employed  in  the  nomenclature  of  botany,  and  indeed 
in  most  other  sciences. 

Orders  are  formed  on  still  more  comprehensive  characters  than  genera, 
of  which  an  order  contains  several,  sometimes  a  great  number,  ^pMaa* 
These  ordinal  agreements  are  called  relations^  and  one  genus  is  related  to 
another  by  means  of  the  common  character  of  greatest  similarity.  This 
principle  is  in  complete  contrast  with  chemical  relations,  for  in  this  sdenee 
bodies  are  related  which  have  the  least  similarity. 

The  sun-flower,  the  tansy,  the  aster,  and  the  dahlia,  are,  for  example^ 
plants  of  different  genera,  but  they  belong  to  the  same  order. 

That  all  plants  are  divided  into  three  principal  groups,  namely,  Aootyled- 
onous,  Monocotyledonous,  and  Dicotyledonous,  we  have  already  shown  in  §  27. 

These  general  ideas  are  most  readily  and  impressively  exemplified  by 
observation  and  diligent  perseverance  in  the  collection,  discrimination,  and 
classification  of  plants. 

THE  ARTIFICIAL  OR  LINN^AN  SYSTEM  OF  BOTANY. 

112.  According  to  this  system  all  plants  are  divided  into  twenty-four 
classes.  The  twenty-three  first  contain  all  the  monocotyledonous  and 
dicotyledonous  plants  indiscriminately.  The  twenty-fourth  only  the  acetyl- 
edonous. 

The  characters  of  the  classes  are  founded  on  the  number,  situation,  relative 
length  of  the  stamens,  and  also  on  their  union  with  each  other,  or  with  other 
parts  of  the  blossom,  and,  lastly,  on  their  absence. 

Every  class  is  divided  into  several  orders,  which,  in  the  thirteen  first 
classes,  are  distinguished  by  the  number  of  the  styles  or  stigmas. 
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Tabular  Yhw  ot  thi  LumjBAir  Ststbm  or  Classitioatiok. 

A. — Flowebs  pbesent. 

I.  Hermaphrodite,  stamens  and  pistils  in  eyery  flower. 
1.  Stamens  free. 

a.  Stamens  of  eqnallength 


.  Class  1. 
"    2. 


Monandria. 
,  Diandria. 
"    8.  Triandria. 
"    4.  Tctrandria. , 
"    6.  Pentandria. 
"    6.  Hexandria. 
"    7.  Heptandria. 
"    8.  Octandria. 
"    9.  Enneandria. 
"10.  Dccandria. 
"11.  Dodecandria. 

Stamens  inserted  on  the  calyx "  12.  Icosandria. 

«  on  the  receptacle "  13.  Polandria. 

Four  stamens  of  different  length,  two  long  and  two  short     "14.  Didynamia. 
Six  "  four  long  and  two  short     "  15.  Tetradynamia. 

Two  stamens  united  by  the  filaments  in  one  bundle "16.  Monadelphia. 

"  "  in  two  bundles "  17.  Diadelphia. 

"  "  in  more  than  two  bundles .     "  18.  Polyadelphia. 

"  by  the  anthers "  19.  Syngenesia. 

"  with  the  pistil "  20.  Gynandria. 

XL  Unisexual  Flowers. 

Stamens  and  pistils  in  different  flowers  on  same  plant .     "21.  Monoecia. 
"  "  on  different  plants     "  22.  Dioecia. 

m.  Stamens  and  pistils  in  the  same  or  in  different  flowers, 

on  the  same  or  on  different  plants 23.  Polygamia. 

B< — ^Flowbrs  ABSENT  24.  Cryptogamia. 


Tabulab  View  or  Classes  and  Obdebs. 


OlMsef. 

Orders. 

Ezamplea. 

L — Monaudbla 

One  stamen. 

II. — ^DlANDBIA 

Two  stamens. 

m.— Tbiandbia 

Three  stamens. 

IV. — TBTBAin>BIA 

Fonr  stamens. 

v.— Pektandbia 

Fiye  stamens. 

Monogynia one  style 

Digynia two  styles 

Monogynia. one  style 

Digynia two  styles 

Monogynia..,. one  style 

Digynia two  styles 

Trigynia. three  do. 

Monogynia one  style 

Dig3mia two  styles 

Trigynia three  do. 

Monogynia one  style 

Digynia two  styles 

Trigynia three  do. 

Tetragynia four  do. 

Pentagynia five    do. 

Polygynia many  do. 

Hippuris. 
Callitriohe. 

Syringa. 
Anthoxanthum. 

Iris. 

Hordeum. 

Holosteum. 

Scabiosa. 
Gentiana. 

Borago. 

Foeniculum. 

Sambncus. 

Parnassia. 

Linum. 

Myosurus. 
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(TlfMW^ 

Orders. 

SxamplM. 

VI. — Hbxandria 

Six  stamens. 

Monogynia 

Digynia 

Trigynia 

Tctragynia 

Polygy  nia ...... 

....one  style 
....two  styles 

three  do. 

....four  do. 
.....many  do. 

Lilium. 
Oxyria. 
Bumex. 

Alisma. 

VII.— HSPTANDUIA 

Seven  Stamens. 

• 

Monogynia 

Digynia .% 

Trigynia 

Heptagynia 

one  style 

two  styles 

three  do. 

seven  do. 

TrientaliB. 

VIU.— OCTAKDEIA 

Eight  stamens. 

Monogynia 

Digynia 

Trigynia 

Tetragynia 

one  style 

two  styles 

three  do. 

four  do. 

Daphne. 

Chrysosplenium. 
Polygonum. 
Paris. 

IX. — Ennsanbria 

Nine  stamens. 

Monogynia 

Trigynia 

Hexagynia 

one  style 

three  styles 

six  do. 

Butomus. 

X. — Decandria 

Ten  stamens. 

Monogynia 

Digynia 

Trigynia 

Pentagynia.... 
Decagynia 

one  style 

two  styles 

three  do. 

five  do. 

ten  do. 

Pyrola. 
Dianthus. 
SUene. 
Lychnis. 

XI. — ^DODEOAKDBIA 

Twelve  to  nineteen  stamens. 

Monogynia..... 

Digynia 

Trigynia 

Pentagynia 

Dodecagynia... 

one  style 

two  styles 

three  do. 

five  do. 

twelve  do. 

Lythrum. 

Agrimonift. 

Reseda. 

Sempervivum. 

XII. — lOOSAKDBIA.. 

Monogynia. 

Digynia 

Trigynia 

one  style 

two  styles 

three  do. 

Prunus. 

CratfiBgus. 

Sorbus. 

Bosa. 

Twenty  or  more  stamens  in- 
serted on  the  calyx. 

Pentagynia.... 
Polygynia 

five  do. 

many  do. 

XIIL POLTANDRIA 

Monogynia..... 
Digynia 

one  style 

two  styles 

Papaver. 

Pffionia. 

Acouitum. 

Nigella. 

Ranunculus. 

Many  stamens  inserted  on 
the  receptacle  (base  of 
the  flower). 

Trigynia 

Tetragynia 

Pentagynia.... 
Hcxairvnia ..... 

three  do. 

four  do. 

five  do. 

Polygynia 

many  do. 

XIV.— DiDTNAMIA 

Two  long  and  two  short  sta- 
mens.   Labiate  and  Per- 
sonate Flowers. 

XV. — Tktradynamia 

Four  long  and  two  short  sta- 
mens. Cruciferous  Flowers. 

Qymno8permia.foumaked  seeds 
Angiospermia. .  seeds  in  capsules 

SUiculosa,    broad    pouch    and 
short  style 

Siliquosa,  long  pod,  stigma  ses- 
sile. 

Lavandula. 

Capsella. 
Brassica. 

LINNiBAN   STSTEM. 
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Clusef. 

Orders. 

Ezamplos. 

XVI. MONADELPHIA 

Pentandria five  stamens 

Erodium. 

Stamens  united  in  one  bundle. 

Enneandria nine  do. 

Decandria ten  do. 

Geranium. 

Dodccandria twelve  do. 

Malva. 

Polyandria  y many  do. 

XV  il. — ^DlADBLPHIA 

Pentandria five  stamens 

Stamens  united  in  two  bun- 

(two above  and  three  below.) 

dles,  one  containing  nine 

Hexandria six  do. 

Fumaria. 

(generally)  and  one  free. 

(three  right,  three  left,  or  three 
above  and  three  below.) 

Octandria eight  do. 

Polygala, 

(four  above  and  four  below, 

all  united  at  the  base.) 

Decandria ten  do. 

Pisum,  Trifolum, 

(one  above  and  nine  below, 

Genista. 

united  in  a  cleft  surround- 

ing the  ovary.) 

XVIIL— POLTDELPHIA 

Stamens  united  in  more  than 

Pentandria five  stamens 

Decandria ten  do. 

two  bundles. 

Polyandria many  do. 

Hypericum. 
Lactuca. 

XIX. — Stnoknbsia 

Polygamia  equalis,  florets  equal 

Five  stamens,  filaments  free, 

Polygamia  superflua,  ray  florets 

Aster. 

anthers  united,  flower  mo- 

with  styles  only. 

nopetalous,  florets  united 

Polygamia  frustranea,  ray  flo- 

Helianthns. 

on  a  disk.    Compositte. 

rets  without  both  stamens  and 

• 

styles. 

Polygjvmia  necessaria,  florets  of 

Calendula. 

the  disk  with  stamens,  ray  with 

styles. 

Polygamia  segregata,  a  common 

Echinops. 

calyx  including  all  the  florets, 

and  a  distinct  calyx  for  each. 

Monogamia 

XX — Gtkandbia 

Diandria two  anthers 

Grchis. 

Stamens  and  pistils  united. 

Triandria three  do. 

Tetrandria four  do. 

Pentandria five  do. 

Hexandria 4.. ..six  do. 

Aristoloohia. 

M.A.\^^%M**\AE.  A«B«  •••••   •••«*  a^J^     ^M'\^» 

Decandria ten  do. 

Dodecandria twelve  to  nine- 

teen do. 

Polyandria...twenty  or  more  do. 

XXI.— MONfflCIA 

Monandria. ...one  stamen 

Arum. 

Stamens  and  styles  in  dif- 

Diandria  two  stamens 

Lemna. 

ferent  flowers  and  on  the 

Triandria three  do. 

Carex. 

same  plant 

Tetrandria four  do. 

UrUca. 

Pentandria five  do. 

Amaranthus. 

Hexandria six  do. 

Heptandria seven  do. 

Polyandria.. more  than  seven  do. 

Quercus. 

Monadelphia.. stamens  united 

Pinus. 

o^(y<^u.y  A   '/r^t/.,.. 


/ 
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Classes. 

Orders. 

KrampW. 

XXn.     DlOEOlA 

Syngenesia... stamens  united  by 

their  anthers. 
Gynandria,  stamens  and  styles 

united. 

Monandria one  stamen 

Diandria two  stamens 

Triandria three  do. 

Salix. 

Picua. 

Yiscum. 

Cannabis. 

Loranthus. 

Populos. 

Lauras. 

Stxatiotes. 

Stamens  and  styles  in  diflFe- 
rent  flowers  on  different 
plants. 

Tetrandria four  do. 

Pentandria five  do. 

Hexandria six  do. 

Octandria eight  do. 

Enneandria nine  do. 

Decandria ten  do. 

Dodecandria....eleyen  to  nine- 
teen do. 

Polyandria many  do. 

Monadelphia.. ..stamens  united 

Syngenesia stamens  united 

by  the  anthers. 

Gynandria stamen  and  style 

united. 

XXTTT.         PnT.TrtAMTA 

Monoecia,  unisexual  flowers  on 

the  same  plant 
Dioecia,  unisexual  flowers  on 

different  plants. 
Trioecia,    hermaphrodite    and 

unisexual  flowers  on  three 

plants. 

Acer. 
Fraxinos. 

Flowers  with  stamens  and 
styles  separately,  and  with 
flowers  containing  both  on 
the  same  or  on  different 
plants. 

XXIV.— Crtptogamt  A . ... 
Organs  of  fructification  con- 
cealed. 

Aspidium    filix- 
mas,  Fucus. 

113.  The  artificial  system  possesses  the  great  advantage  of  clear,  simple 
characteristics,  by  which  it  is  generally  easy  to  ascertain  the  class  and  order 
of  a  plant.  It  may  be  recommended  to  beginners  as  an  introduction  to  the 
natnral  system. 

NATURAL  SYSTEM  (JUSSIEU'S). 

Olaases. 

L  Acotyledones 

{Monohypogyns  (stamens  hypogynous) 
Monoperigynsa  (stamens  perigynous) 
Monoepigynse  (stamens  epigynous) 

Monoclines,  flowers  hermaphrodite. 

'  Epistamine®  (stamens  epigynous) 

PeristaminesB  (stamens  perigynous) 

,  Hypostamineos  (stamens  hypogynous) 

'' HypocoroU©  (corolla  hypogynous) 

Pericorollsd  (corolla  perigynous) 

EpicorollsQ  (corol-  ^  Svnanthersd  (anthers  united! 
la  epigynous).    ^  Chorisantherro  (anthers free) 

'Epipetal©  petals  epigynous) 

Peripetalse  (petals  perigynous) 

(.  HypopetalsB  (petals  hypogynous) 

Declines,  flowers  musexual  or  without  a  perianth 


§ 

•2 

I 


Apetalsd  (no  petals) 


Monopetalsd  (petals 
united). 

Polypetalsa  (petals^ 
distinct). 
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114.  It  may  be  observed  that  this  system,  being  founded  partly  on  indi- 
vidual organs,  is  also,  in  some  degree  artificial.  Rigid,  precisely  scientific 
distinctions,  are  not  found  in  Nature,  which  seems  to  prefer  gradual  or 
almost  imperceptible  transitions  from  the  simplest  to  the  most  complex  of 
her  developments. 

IV.  DESCRIPTION  OF  PLANTS- 

DESCRIPTIVE  BOTANY. 

115.  The  marvellous  variety,  both  in  form  and  organisation,  of  the  sub- 
jects of  the  vegetable  kingdom  may  be  inferred  from  the  fact,  that  already 
above  100,000  plants  have  been  observed ;  and  every  day  increases  the  vast 
amount.  These,  however,  occupy  the  surface  of  the  whole  earth ;  only  a 
small  proportion  of  the  whole  is  produced  in  any  given  country.  In  Ger- 
many there  are  probably  about  7,000.  In  the  British  isles  a  much  smaller 
number. 

The  description  of  plants  is  to  be  found  in  works  exclusively  appropriated 
to  botanical,  science.  These  works  either  comprehend  all  plants,  or  those 
of  a  greater  or  less  extent  of  territory,  or  only  of  a  district.  Those  devoted 
to  the  universal  Flora  are  generally  composed  in  Latin,  which  is  a  language 
more  universally  understood  than  any  other. 

In  reference  to  the  Flora  of  Germwny^  which  has  been  often  written,  we, 
out  of  the  many  works  on  this  subject,  mention  only  Koch's  Synopsis  of 
the  German  and  Swiss  Flora,  and  the  compendium  of  the  German  Flora  by 
the  same  author,  and  the  work  of  Kittel.  Also  the  following  descriptive 
local  Floras,  for  example,  that  of  Frankfort-on-the-Maine,  by  Fresenius; 
of  Baden,  by  Gmelin;  of  Wiirtemberg,  by  Schiibler;  and  dso  Marten's 
Flora  of  the  same  place ;  of  Hesse,  by  Schnittspahn ;  Flora  of  the  Rhine, 
by  DoU ;  Austria,  by  Schultes ;  Silesia,  by  Wimmer ;  Berlin,  by  Schlecten- 
dal ;  the  Prussian  Flora,  by  Ruthe ;  Brunswick,  by  Lachmann,  &c. 

Besides  the  English  Flora  by  Sir  J.  £.  Smith,  which  will  always  be  re- 
gurded  as  the  standard  of  descriptive  British  botany,  and  the  works  of 
&Llfour,  Babbington,  Irvine,  and  others,  the  following  local  Floras  are 
recommended:  I)r.  Johnston's  Flora  of  Berwick-on-Tweed,  Leighton's 
Flora  of  Shropshire,  Jones's  of  Devon,  Murray's  Northern  Flora,  unfortu- 
nately only  a  fragment,  but  a  valuable  relic,  especially  to  such  as  knew  the 
amiable  author,  who  was  prematurely  cut  off  in  the  zealous  discharge  of  the 
duties  of  his  profession.  Besides  these,  there  are  various  county  catalogues 
of  plants,  more  or  less  complete,  and  the  ancient  local  lists  of  Blackstone, 
Jacobs,  Warner,  &c.,  together  with  the  interesting  itineraries  of  Johnson, 
the  precursor  of  all  British  local  botanists. 

[As  regards  Ai9erican  plants,  the  principal  authorities  are  Bigelow,  U. 
P.  C.  Barton,  Darlington,  Rafinesque,  &c.  Gray's  Botanical  Text-Book 
may  be  recommended  as  a  standard  and  valuable  work.] 

Some  work  of  this  nature,  in  which  the  plants  are  described  and  arranged 
either  on  the  artificial  or  on  the  natural  system,  is  indispensable  to  the  stu- 
dent of  botany,  in  order  to  enable  him  to  identify  the  plants  which  he  may 
collect,  by  comparing  them  with  those  described  in  books.  The  only  method 
of  learning  botany  is  by  collection,  comparison,  discrimination;  and  identifi- 
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cation.  Withoat  ibis  constant  practice,  which  demands  the  exercise  of  ac- 
curate and  persevering  observation,  it  is  impossible  to  impress  on  the  memory 
the  manifold  forms  of  vegetable  objects,  or  to  obtain  a  comprehensive  idea 
of  their  arrangement 

The  following  is  not  so  much  a  description  as  an  enumeration  of  the  prin- 
cipal plants  employed  in  the  arts  or  in  medicine,  or  which  are  applicable  to 
nutritive  purposes,  as  food  for  man  or  domestic  animals,  or  are  remarkable 
in  any  other  respect.  We  adopt  the  natural  arrangement,  commencing  with 
the  less  highly  organised  forms  of  vegetable  life. 

A.  ACOTYLEDONS. 

116.  We  have  already  shown  that  this  extensive  group  comprehends  all 
8^ch  plants  as  have  no  visible  floral  organs,  and  do  not  produce  real  fruit 
Their  reproduction  is  accomplished  by  means  of  spores,  or  embryonic  granules 
or  cells,  which  appear  in  the  form  and  consistency  of  a  remarkably  minute 
powdery  matter.  These  individual  granules  have  the  power  of  self-develop- 
ment, and  are  often  so  impalpably  small  that  they  are  diffused  everywhere. 
In  every  place  accessible  to  the  air  these  minute  reproductive  corpuscles  are 
to  be  found,  and  we  need  not  marvel  that  the  plants  produced  by  them  are 
apparently  of  spontaneous  origin. 

The  spores  are  produced  in  great  numbers  densely  packed  on  each  other, 
as,  for  example,  on  the  reverse  or  dorsal  side  of  a  fern-frond  (leaf),  where 
they  form  small  protuberances  (sori),  or  they  are  found  in  small  receptacles 
called  spore-cases,  but  have  various  names  in  the  various  orders.  In  the 
mosses,  the  organs  bearing  spores  are  of  an  urceolate  form,  generally  with 
an  operculum  or  lid,  and  have  a  very  neat  appearance. 

To  this  group  of  plants  belong  the  Algss,  the  Lichens,  the  Fungi,  the 
Musd,  which  are  merely  cellular  plants  (§  18).  Also  the  Equisista,  Ferns, 
and  Lycopods,  which,  though  vascular  plants,  are  of  a  less  perfect  organiza- 
tion than  the  other  orders  of  vascularcs. 

117.  AiiGiB.  The  Sea-weed  tribe. — To  these  almost  exclusively  water- 
plants  belong  the  conferveej  which  are  produced  in  standing  or  stagnant 
water,  and  the  very  numerous  genera  of  marine  plants,  known  by  the  name 
of  tangle,  fuci,  &c.,  the  ashes  of  which  produce  the  kelp  and  barilla  of  com- 
merce ;  these  likewise  produce  iodine  (Chem.  §  38).  The  gigantic  fuel  of 
the  South  Seas  are  reported  by  navigators  to  be  from  500  to  1,500  feet  iu 
length,  and  afford  nutriment  and  shelter  to  many  thousands  of  marine  ani- 
mals. The  mucilaginous  substance  prepared  from  sargasmm  is  a  remedy 
in  pulmonary  diseases,  and  some  of  the  fuci  have  vemii/ugal  properties. 

118.  LiGHENES.  The  Lichen  tribe, — These  are  spread  over  the  trunks 
and  branches  of  trees,  old  palings,  bams,  walls,  rocks,  &c.  They  are  dry 
and  coriaceous,  mostly  of  a  yellow  or  white  colour,  usually  very  much  rami- 
fied, sometimes  foliaceous  and  spreading,  covering  large  spaces  of  the  ground, 
rocks,  walls,  trees,  &o.  Cetraria  islandica  (fig.  120),  or  Iceland  moss,  is  com- 
mon in  high  northern  latitudes,  where  it  forms  the  principal  food  of  the 
Laplander's  wealth,  the  reindeer.  It  contains  much  amylaceous  matter,  and 
is  consequently  very  nutritious.  It  is  also  a  remedy  in  pulmonary  com- 
plaints. Litmus  is  prepared  from  a  species  of  Lecanora.  Another  species 
of  the  same  plant  yields  Cudbear,  the  famous  red  dye  of  the  Glasgow 
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mimafactares.     Archil,  or  Orchil,  a  beautifal  purple  dye,  is  obtained  from 
Rocoella  tinctoria,  which  is  a  production  of  the 
Canary  Islands. 

119.  Fungi.  The  Mushroom  tribe,  — The 
smallest  objects  of  this  tribe,  even  the  common 
grey  mould,  which  is  frequently  produced  on  de- 
caying and  other  substances,  together  with  the 
myriads  of  microscopic  fungi,  which  at  certain 
times  and  in  certain  localities  are  so  prevalent, 
are  not  without  some  claims  to  admiration,  on 
account  of  their  regularity  of  form  and  not  sel- 
dom beauty  of  colour. 

The  larger  sorts  of  fungi  are  usually  found 
in  woods  that  are  moist  and  shady,  as  well  as 
in  meadows,  and  frequently  on  trees.  The 
Agaric  (fig.  121)  is  distinguished  by  the 
delicate  tender  gills  on  the  under  side  of 
the  pilous,  and  in  this  genus  we  find  the  varieties  of  the  edible  mitshroom 
and  champignon.     The  ^y  mushroom,  Agaricus  amanita,  a  very  beautiful 


120.  Cetraria  Islandioa. 


121.  Agaricus  Campestris.     122.  Morchella  escalenta.      123.  Taber  cibariam. 

species,  is  highly  dangerous.  As  this  tribe  contains  a  vast  number  of  spe- 
cies, very  difficult  to  distinguish  from  each  other,  great  care  should  be  em- 
ployed in  selecting  such  as  may  safely  be  employed  in  culinary  preparations. 
it  may  be  recommended  to  those  who  are  not  perfectly  acquainted  with  the 
varieties  and  modifications  of  the  agarics^  never  to  eat  any  but  such  as  have 
been  cultivated. 

The  Boletus,  or  porous  fungus,  is  provided  with  pores  instead  of  gills 
on  the  under  side,  in  which  also  the  reproductive  bodies  or  spores  are 
lodged.  Some  of  these  are  eatable  (with  caution),  and  many  are  very 
poisonous. 

The  Polypori  grow  mostly  on  trees,  and  from  several  of  them  tinder  is 

prepared,  called  German  tinder.     The  white  and  intensely  bitter  fungus  of 

the  Larch  is  employed  as  a  cattle  medicine.     Many  fungi  grow  on  wood, 

which  they  rapidly  destroy.     A  partial  remedy  for  this  has  been  recom- 
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mended  and  practised  to  a  oertain  extent,  vis.,  the  JS^/antzing  process  (steep- 
ing the  wood  in  a  solution  of  corrosive  sublimate).  A  more  recentlj-disco- 
vered  process  is  the  injection  of  certain  antiseptic  substances  into  the  porous 
parts  of  the  wood. 

Finally,  the  morel,  MorcheUa  (fig.  122),  and  the  subterraneous  delicioos 
truffle,  Tuber  cibarium  Tfig.  123),  belong  to  this  fiimily. 

120.  Musoi.  The  Moss  tribe. — In  this  tribe  we  first  meet  with  the 
peculiar  green  colour  of  plants  and  with  the  formation  of  a  stem  whereby 
these  form  the  connecting  link  between  the  foliaceous  lichens  and  the  more 
perfectly-developed  forms  of  vegetation.  These  pretty  minute  plants  com- 
pose a  numerous  finmily  universally  dispersed,  and  not  without  utility  in  the 
general  economy  of  Nature.  The  turf-moss  has  been  abready  mentioned  as 
the  material  of  which  the  soil  of  bogs  is  constituted.     (Chem.  §  165.) 

121.  EQUiSETAOEiE.  Horse-taU  tribe. — These  plants  are  remarkable 
for  the  abundance  of  silez  which  they  contain.  So  that  when  the  whole 
plant  has  been  submitted  to  the  process  of  combustion,  a  perfect  skeleton  of 
the  form  remains,  as  has  been  noticed  in  §  85.  They,  on  this  account,  pos- 
sess the  quality  of  a  file,  and  are  used  for  polishing  wood,  &c.  They  com- 
monly grow  in  damp  situations,  on  sandy  fields,  and  in  woods  and  marshy 
places. 

122.  FiLiOES.  Fern  tribe, — ^These  plants  constitute  an  extensive  group, 
which  in  external  appearance  approaches  nearer  to  the  more  highly-developed 
plants  than  any  of  the  above-mentioned  acotyledonous  orders.  Their  most 
conspicuous  organ  is  the  leaf,  frond,  which  is  beautifully  cut  or  incised  at 
the  margin,  and  almost  always  pinnate  (feathered).  They  bear  spores  on 
the  dorsal  side  of  the  frond. 

The  Uaghfem  (Pteris  aquilina),  and  the  Shield-fern  (Aspidram  filix 
mas),  occur  generally  in  our  woods  and  hedges;  the 
beautiful  Adiantum  (Lady's-hair)  (fig.  124),  and  As- 
plenium  (Maiden-hair),  grow  on  rocks  and  on  old  brick 
walls,  &c. 

The  ferns  of  the  South  Sea  Islands  are  distin- 

r'  bed  by  their  gigantic  size,  frequently  constitating 
woods  and  forests  of  these  fertile  islands.  We 
have  shown  in  Mineralogy,  §  114,  that  the  ornnie 
remains  of  the  ancient  Mora  are  remarkably  ridi  in 
petrified  ferns. 

123.  Lyoopodiaoks.    Clvb-moss  tribe. — ^In  woods 
124.  Adiantam  ca-      "*^  upland  wastes  we  generally  meet  with  these  plants, 
pillus-yeaeris.         Their  thecao  (spore  cases)  are  filled  with  a  yellow  pow- 
der, very  minute  and  highly  inflammable.   This  powd« 
is  employed  in  pyrotechny,  and  in  producing  an  imitation  of  lightning  in 
theatres. 

B.  MONOCOTYLEDONS 

124.  Are  plants  germinating  with  only  one  seed-leaf  or  lobe  (cotyledon), 
their  woody  and  vascular  fibre  being  disposed  irregularly,  and  with  parallel- 
nerved  leaves. 

125.  GRAMtKEiB.  Orass  tribe. — The  individuals  of  this  numerous  fiunily, 
mostly  comprehended  in  the  third  class  of  the  Linnaean  system,  on  accoont 
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of  their  great  similarity  to  each  other,  are  yery  difficult  to  describe  and  to 
distiDguish. 

iDdependently  of  their  beauty  wherewith  they  adorn  our  meadows,  pas- 
tares,  parks,  and  lawns,  they  are,  as  being  the  principal  food  of  our  flocks, 
cattle  and  horses,  of  the  utmost  importance.  Of  fodder  and  grazing  grasses 
the  folio?ring  are  the  most  valuable,  viz : — 

Atra  Jlexitosa,  hair-grass;  Poa  pratensts,  meadow-grass ;  Festuca  pro- 
tensisy  fescue-grass;  Pfdeum  pratensey  timothy-grass;  Alopecurtu pratensts, 
meadow  fbz-tail;  Anfhoxanthum  odoratumy  sweet-scented  vernal-grass; 
Lolium  perenne,  rye-grass;  Bronius  racemosus,  brome-grass;  Agrostis, 
bent-grass ;  Dactylis  glomerata,  cock's-foot  grass ;  and  the  beautiful  totter- 
ffrassj  Briza  media. 

The  fodder-grasses  contain  much  silex  and  potassa  (§  98),  and  need  an 
abundant  supply  of  water  to  dissolve  the  silicious  and  alkaline  substances 
which  are  requisite  for  their  nutriment. 

Another  portion  of  the  grasses  is  distinguished  by  the  abundance  of  amyla- 
ceous substances  and  phosphates,  which  they  produce ;  and  hence  they  are 
so  important  as  the  nutritive  materials  of  human  food.  These  are  generally 
called  com  or  cereal  grasses,  and  are  distinguished  not  only  by  the  perfection 
which  they  have  attained,  but  also  by  the  number  of  varieties  which  are  in 
greater  or  less  estimation.  The  culture  of  com  is  as  ancient  as  history  itself. 
To  this  division  of  grasses  belong  Triticumy  wheat,  SecaUy  rye,  Ebrdeum, 
barley,  Avena,  oat  These  have  been  so  extensively  distributed  by  human 
agency  that  all  trace  of  their  native  country  has  disappeared. 

Besides  these,  the  following  form  part  of  this  extensive  order,  viz. : — 
Phalaris  canariensis,  the  canary-grass  of  commerce ;  Lolium  tevmUntum, 
to  which  stupefying  properties  are  ascribed ;  MiUiumy  MUlety  Zea,  maize  or 
Indian  com,  chiefly  produced  in  America;  Oryza,  rice,  the  produce  of  the 
watered  fertile  plains  of  the  Ganges,  &c.,  and  constituting  the  principal  sub- 
sistence of  the  Orientals ;  Arundo  phragmitisy  reed-grass ;  Arundo  donax, 
Spanish  reed,  which  is  extensively  employed  in  various  wicker-work  fabrics, 
and  sometimes  used  in  schools  (cane) ;  Bambusa,  bamboo,  a  large  reed  useful 
for  building  purposes,  for  which  its  strength  and  lightness  render  it  very 
suitable.  One  of  the  most  valuable  grasses,  SaccMirumy  sugar-cane,  is  a 
native  of  the  East,  and  thence  planted  in  the  West  Indies.  It  yields 
the  sugar,  molasses,  and  mm,  of  commerce.  The  cultivation  of  sugar 
under  the  tropical  heats  is  one  of  the  severest  labours  which  the  original 
curse  has  imposed  on  the  human  family,  and  when  we  enjoy  the  luxury  of 
this  article,  we  should  remember  at  what  expense  of  toil  and  suffering  it  was 
produced. 

126.  Cyferaoejb.  Sedge  tribe, — Among  these  we  enumerate  the 
Carex,  sedge,  a  numerous  genus,  with  a  triangular  solid  stem,  and  with 
flowers  in  spikes,  either  simple  or  branched.  They  are  neither  adapted  for 
fodder  nor  grazing,  and  generally  disappear  when  the  land  is  drained  and 
well  manured  with  ashes.  One  or  two  of  these  plants  are  extremely  useful 
in  binding  the  sand  by  their  roots,  and  so  forming  a  natural  barrier  to  the 
encroachments  of  the  sea.  Various  kinds  of  rush,  Scirpus,  &c.,  as  well  as 
Eriophorum,  cotton-grass,  belong  to  this  family. 

127.  ARAOEiB.  5%€  Arum  tribe, — Plants  distinguished  by  their  floral 
spadix  (§  66).    The  principal  are  the  Arum  or  Indian  turnip  (fig.  125) 
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of  our  meadows  and  road  sides,  indicating  by  tbe  large  expanding  leaf  and 
flower  the  approach  of  genial  weather :  the  Calamus^  sweet-reed,  tbe  root 

of  which  was  formerly  in  re- 
pute as  a  medicinal  sub- 
stance :  the  CaUa^  of  the 
sunny  lands  of  the  south, 
which  has  so  long  been  a 
favourite  on  account  of  its 
large  pure  white  blossom, 
and  still  retains  its  place  in 
the  greenhouse.  Its  native 
country  is  Africa. 

128.  TYPHACEiE.  Reed- 
mace  tribe,  z —  These  tall 
handsome  plants,  with  their 
long  cylindrical  inflorescence, 
grow  in  ponds,  and  cannot  be 
easily  overlooked.  Less  con- 
spicuous is  the  bur-reed, 
Sparganium^  which  is,  how- 
ever, distinguished  by  its 
round  prickly  head,  and 
grows  commonly  in  ditches. 
The  broad  leaves  of  these 
plants  are  used  by  coopers  as 
layers  for  closing  the  joints 
of  casks. 

129.  Alismace^.  TTa- 
ter^jilantain  tribe. — ^A  small 
family  containing  the  genen 
Alismay  water-plantain  (fi 
126),  Saf/ittariaytLTToyF-he 

These  all  grow  in  ponds,  ditches, 


125.  Arum  triphyllom. 


00  named  from  its  arrow-shaped  leaves, 
or  watery  places. 

130.  MELANTHAOEiB.  The  Colchicum  tribe,  —  An  acrid  property  is 
possessed  by  the  seeds  and  roots  of  mdny  individuals  of  this  family,  and 
they  are  consequently  of  a  poisonous  nature.  The  Colchicum  (fig.  127) 
and  White  Hellebore  (Veratrum  album,  fig.  128)  are  used  in  medicine. 

131.  AsPARAGiNE^.  Asparcupis  tribe. — Besides  the  well-known 
Asparagus  J  which  often  grows  wild  in  sandy  fields,  &c.,  and  when  well 
manured  with  nitrogenous  materials  yields  the  delicious  vegetable  of  our 
tables,  the  following  belong  to  this  order :  the  Lili/  of  the  Valley  (Conval- 
laria  majalis),  the  Uerbparisy  one  berry  (poisonous),  and  the  DiotcoreOj 
yam,  which  in  the  warmer  regions  is  cultivated  as  an  esculent. 

132.  LiLiAOEiB.  Lili/  tribe. — A  tuberous  or  rather  bulbous  root  distin- 
guishes all  the  plants  of  this  tribe.  Allium,  leek,  is  well  known  by  its 
abounding  in  mucilaginous  matter,  and  by  its  exciting,  penetrating,  dis- 
agreeable odour,  which  is  owing  to  the  presence  of  a  volatile  sulphuretted 
oil.  Several  species  of  this  genus  are  extensively  cultivated,  as  the  onion, 
garlic,  &c.,  famous  for  their  culinary  properties.     The  following  are  in  much 
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estimation  for  their  flowers : — Omithogalum,  star  of  Bethlehem ;  Mtucari, 
clustered  or  grape-h jacinth ;  the  precious  Hyacinth  of  the  East^  one  of  the 


126.  Alisma  plantago. 


128.  Veratruin  album. 


127.  Colohioom  aatnmnale. 
1.  Closed  capsule.     2.  Open  do.     8. 
Styles.    4.  Seotion  of  capsule.    5. 
Seed. 


129.  Varioas  species  of  aloes. 


most  prized  of  florists'  flowers ;  the  gorgeous  Tulip  ;  the  magnificent  White 
lAlt/y  said  to  have  been  originally  brought  from  the  Holy  Land ;  the  MaV' 
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iagon  Lily  or  turban,  Tark's-cap;  the  stately  bat  poisonous  Crown  im^ 
rud,  and  many  others.  To  these  may  be  added  the  different  sorts  of  Moa 
rfigs.  129  and  130),  containing  a  bitter  and  drastic  juice,  which  is  imported 
from  the  warmer  parts  of  America  and  other  quarters.  The  New  Zealand 
Jlax  (Phormium  tenax)  produces  in  its  long  leaves  a  fibrous  material  of 
wonderful  tenacity,  stronger  than  hemp. 

133.  Amarylidacbjb.  Amaryllis  tribe.  —  In  this  order  we  meet  with 
the  Narcissus^  one  of  our  earliest  flowering  spring-plants ;  and  the  ^S^zr- 
drop,  which  blooms  before  the  winter  has  past.  The  Leucqfum,  or  summer 
snowflake,  and  the  splendid  exotic  Amaryllis^  belong  to  the  same  £Eimily. 

134.  Jbjdacrx.  The  Iris  tribe. — ^An  order  of  highly-ornamental  plants, 
bearing  yellow,  blue,  and  variously-coloured  flowers.  Their  roots  are  mostly 
tuberous  and  fibrous ;  a  few  are  bulbous.  Iris  florentina,  of  Southem 
Europe,  produces  violet-scented  roots,  which  on  this  account  have  been  em- 
ployed as  a  dentifrice.  The  Saffron,  yellow  crocus,  was  formerly  much 
cultivated  for  the  sake  of  its  pollen-grains,  which  were  an  esteemed  specific 
in  arthritic  complaints.  Saffi*on  Walden,  in  Essex,  is  said  to  have  deriyed 
one  of  its  names  from  the  extensive  culture  of  this  plant  in  its  vicinity. 

135.  BROMEUAGEiE.  Pine-apple  tribe, 
^Bromelia  ananas,  the  pine  of  our  stoves, 
is  a  native  of  America.  Its  fruit  has  been 
much  improved  by  cultivation,  and  it  is 
highly  esteemed  for  its  rich  strawberry 
flavour.  The  tree  Aloe,  Agave  Ameri' 
cana,  is  a  native  of  the  same  country.  It 
is  cultivated  here  in  large  garden-tubs, 
and  is  very  tardy  in  blossoming,  some  say 
only  in  100  years.  The  flower  and  flower- 
stalk  are  from  20  to  30  feet  high,  beariDg 
thousands  of  blossoms ;  the  plant  dies  after 
blossoming. 

136.  PALMiB.  Pdim  tribe.— TheaB 
gigantic  monocotyledons,  the  princes  of  the 
vegetable  kingdom,  as  they  were  named 
by  LinnaauS)  sometimes  attain  a  height  of 
nearly  200  feet.  Their  long  slender  stems 
and  broad  arching  leaves  have  an  imposing 
effect  on  the  landscape  of  the  regions 
where  they  grow,  and  have  often  been  de- 
scribed in  glowing  colours.  We  honour 
them  as  the  symbol  of  peaoe,  and  value 
them  as  supplying  food,  clothing,  and 
shelter.  The  Date-palm  (Phamix  daety- 
liferd),  the  Coco-palm  {Oocos,  fig.  131), 
are  known  by  thoir  large  fine-flavoured 
nuts.  The  Sago-palm  (Sagus,  fig.  132) 
supplies  in  its  pith  a  fEtrinaceous,  nutritious 
substance,  called  sago.  Several  yield  fatty 
substances ;  and  the  violet-scented  palm-oU 
is  obtained  from  the  Oil-palm  {JElais  gvi- 


^%^' 


180.  A.  Bocotrina. 
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182.  Sagus  TumphiL 


188.  Elais  guineensis. 
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neensiSf  fig.  133),  and  is  exported  from  Africa  in  considerable  quantities. 

The  Cahbage^palm  bears  edible  leaves^  and  from  the  sap  a  beverage  called 

toddy  is  prepared.  Finally,  the 
Areca  palm  produces  a  nut  which 
is  wrapped  up  in  betel  leaves,  and 
chewed  by  the  natives  of  India. 

137.  ZiNOiBERAGEiE.  The  Gin- 
ger tribe. — Natives  of  warm  regions, 
with  aromatic  stimulative  properties 
resident  in  their  roots  and  seeds,  of 
which  Ginger  (Zingiber  officinales, 
fig.  134)  and  Cardamoms  are  ex- 
amples. Maranta  yields  the  well- 
known  arrow-root  of  commerce. 
Curcuma  langa,  a  native  of  East- 
em  Asia  yields  the  well-known  tur- 
meric, which  is  used  as  a  condiment 
and  as  a  yellow  dye.  It  contains  a 
yellow  colouring  matter,  called  cur- 
cumin. 

138.  MusACEiE.  Banana  tribe, 
—  We  not  unfrequently  observe  in 
green-houses  a  plant  resembling  in  • 
growth  a  palm,  and  bearing  gigan- 
tic leaves.  This  plant  is  the  Pe- 
sang,  or  Fig-tree  of  Paradise,  term- 
ed also  Banana  (Musa  sapientnm, 
fig.  135);  a  tree  which  is  of  the 

same  importance  to  millions  of  the  natives  of  the  torrid  regions  of  Asia  and 
America,  as  the  various  kinds  of  com,  the  potato,  the  date-palm,  &c.,  are 
to  the  inhabitants  of  other  lands.    Besides  the  delicious  fruit  of  the  Banana^ 


184.  Zingiber  officinale. 
a.  Flower.  b.  Stamen. 


185.  Musa  sapientam. 

the  leaves,  which  attain  a  length  of  from  8  to  10  feet,  are  employed  for 
many  purposes  of  life.  Musa  textilis  yields  a  kind  of  woody  fibre,  which  is 
used  in  India  in  the  manufacture  of  fine  muslins.     Manilla  Hemp  is  the 
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186.  Vanilla  aromatlca. 


produce  of  Musa  tecciilis.  The  woody  tissue  of  many  species  of  Musa  is 
used  for  maufacture  in  warm  climates.  The  young  shoots  of  the  Banana 
are  used  as  a  culinary  vegetable.  Urania  speciosa,  or  Bavenala,  is  the 
Water-tree  of  the  Dutch,  so  called  on  account  of  the  great  quantity  of 
water  which  flows  from  its  stem  or  leaf-stalk  when  cut  across. 

189.  Orchidaoe^.  The  Orchis  tribe.  —  The  fleshy  tubers  of  most  of 
these  plants  yield  salep,  which,  dressed  with 
water,  forms  a  mucilaginous  nutritious  diet- 
ary article.  The  highly  curious  and  beauti- 
ful flowers  of  the  Wood,  the  Spotted,  and 
the  Meadow  Orchises  are  not  uncommon. 
The  beautiful  Lad^fs  Slipper  is  very  rare. 
The  Bee,  Butterfly,  and  Fly  Orchises  are  of 
rather  rare  occurrence.  Vanilla  (fig.  136), 
one  of  the  most  precious  aromatics  known, 
and  used  in  the  culinary  preparation  of  the 
most  delicious  dishes  prepared  for  epicurean 
taste,  is  a  member  of  Uiis  family.  The  para- 
sitic orchids  of  the  warm  regionsjQfAme- 
rica,  when  cultivated  in  our  stov^sanHlS^Mi- 
servatories,  are,  from  the  beauty  of  their 
colours  and  the  singularity  of  their  forms,  objects  of  attention  and  special 
admiration.      ^>^^:^        /  p  /  tfi^, 

/7C.  DICOTYLEDONS. 

140.  Plants  with  two  or  more  cotyledons  or  seed-leaves,  or  lobes,  con- 
centric layers  of  woody  fibre  arranged  regularly,  leaf-nerves  ramified  and 
reticulated. 

141.  CoNiFERiB.  The  Fir  tribe. — ^These  trees  are  readily  distinguished 
by  their  wood,  which  is  destitute  of  medullary  rays,  by  their  leaves,  which 
are  mostly  linear  and  sharp-point- 
ed, and  by  their  cone-shaped  fruit. 
They  are  also  distinguished  by  the 
utility  of  their  wood,  as  timber, 
and  by  the  resinous,  oleaginous, 
and  aromatic  substances  which 
they  produce.  (Comp.  Chemis- 
try, §  141.)  These  secretions 
consist  of  pitch,  turpentine,  resin, 
balsams,  oU,  as^ngents,  &c. 

The  most  common  trees  of  this 
order  are  the  Yellow  or  long^ 
leaved  Pine  (Pinus  palustris)  the 
Med  Fine  (Pinus  abies),  the  White 
Fine  (P.  picea),  the  Larch  (P. 
larix),  the  Scx>tch  Fine  (P.  sylves- 
tris,  fig.  137).  The  seeds  of  the 
Finaster  and  the  P.  pinea  of 
Italy  taste  like  almonds,  with  a  slight  flavour  of  turpentine.  The  Cedar, 
the  YeWy  the  Cypress,  and  the  Juniper,  are  also  of  this  order. 


187.  Pinus  sylyestris. 
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142.  AMENTAOEiE.  The  Poplar  tribe. — After  the  eonifene,  the  amoit 
or  catkin-bearing  trees  constitute  the  largest  portion  of  our  woods  and 
forests,  and  also  yield  the  largest  quantity  of  wood  both  for  timber  and  fuel. 
Among  these  we  find  the  Oa3c  (Querous),  with  its  majestic  top,  the  symbol 
of  Saxon  energy  and  firmness;  the  tmoothharhed  Beech  ^agus);  the 
Birch  (Betula);  the  Alder  (Alnus);  the  Hazd  (Corylus).  The  seeds  of 
this  order  are  either  oleaginous,  like  those  of  the  beech  and  hazel,  or  amyla- 
oeous,  as  in  the  edible  Chestnuts  (Castanea),  and  the  Acom,  which  is  too 
acrid  to  be  eatable,  except  by  swine. 

The  bark  of  these  trees  contains  tannin,  and  the  willow  contains  a  bitt» 
substance  called  salicin,  possessed  of  tonic  properties.  The  Poplar  is  a  tree 
which  gives  a  singular  aspect  to  the  landscape  of  numy  parts  of  the  country. 
The  fruit  of  Myrica  (Gale)  contains  a  waxy  substance^  sometimes  used  as  a 
cattle  medicine. 

143.  Urticaoe^.  The  Nettle  tribe.  —  Plants  with  a  highly  developed 
vascular  fibre,  which  forms  the  staple  of  many  of  our  manu&ctures.  Can- 
ndbisy  the  hemp  plant  (fig.  138),  secretes  a  greenish  oil ;  and  the  fibrous 

bark  of  the  Stinging-nettle  (Urtica)  is  manufactured 
into  nettle-cloth.  The  venomous  nature  of  the  sap 
contained  at  the  base  of  the  sting,  is  not  to  be  com- 
pared with  the  fearful  poisons  of  some  East  Indian 
species.  The  Hop  contains  in  its  floral  integu- 
ments an  aromatic  bitter  substance,  on  which  ac- 
count it  is  extensively  used  in  the  brewing  of  beer. 
Hemp  also  contains  an  aromatic  principle,  which  is 
possessed  of  narcotic  properties.  One  of  our  most 
useful  trees,  tKe  Elm,  belongs  to  this  order,  and  also 
the  planes  which  are  often  selected  to  ornament 
our  squares  and  other  public  places.  One  specially 
important  group  of  this  order  contains  the  Bread- 
fruit tree  (Artocarpus)  of  the  South  Sea  Islands; 
the  Fig  (Ficus),  celebrated  in  all  ages;  and  the  Mul- 
berry (Moms),  prized  for  its  delicious  fruit.  Here 
also  are  found  the  most  deadly  poisons  in  the  world. 
The  Upas,  or  Upas-^intiar,  is  used  by  the  Javanese 
for  poisoning  their  arrows.  The  milky  sap  of  Fi- 
cus elastica  becomes  the  article  Caoutchouc,  and  the 

Galactodendron  utile,  or  famous  Cow-tree  of  Demerara,  is  daily  tapped  for  a 

supply  of  milk. 

144.  Chenopodiace^.  Goose-foot  tribe. — ^In  the  vicinity  of  the  sea,  on 
the  saltings  or  land  occasionally  flooded  by  salt  water,  we  find  the  Salsolas 
(Salsola  and  Salicomia),  the  importance  of  which  plants  as  a  source  of 
soda,  was  greater  in  a  former  period  than  it  is  now  (Chem.  §  73).  Tbe 
various  kinds  of  (loose-foot  ( Chenopodium)  are  very  common  in  England 
upon  rubbish-heaps.  Many  plants  of  this  order  are  of  considerable  ^ne 
as  objects  of  horticulture  and  agriculture,  of  which  Beet,  Spinach,  and 
Mangold-vmrzel  are  common  examples. 

145.  EuPHORBlAGE^.  Spurge  tribe.  —  The  numerous  plants  of  this 
order,  with  few  exceptions,  abound  in  juice,  which  is  possessed  of  very 
caustic  qualities  applied  externally;  internally  exhibited,  it  is  poisonous. 


188.  Cannabis  Sativa. 
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The  most  fiuniliar  example  of  this  &mily  is  the  Spurge^  many  of  which  are 
among  the  commonest  of  weeds.  The  Manchineel  (Hippomane)  also  pro- 
duces a  very  acrid  juice,  which  is  dispersed  hy  boiling,  and  then  the  roots 
jrield  a  nutritious  dietary  article.  The  JcUropa  manihot  is  rendered  eatable 
by  the  same  process,  and  the  farinaceous  article  derived  from  both  of  these 
plants  is  the  tapioca  of  commerce  \  in  the  West  Indies  commonly  eaten  by 
the  negroes. 

Oroton  oU,  one  of  the  most  violent  drastics,  is  prepared  from  a  plant 
belonging  to  this  order;  and  the  Ricinus  palma  Christi  (fig.  139)  yields 


a.  Stamens. 

b.  Anther. 


189.  Bicinos  communis, 
c.  Stigmas. 


d.  Capsule. 


e.  Seed. 
/.  Embryo. 


O0tor-oil,  which  is  so  famous  for  its  mild  aperient  properties.    The  beautiful 

/Box,  the  favourite  ornament  of  our  lawns,  belongs  to  the  Euphorbiaceso,  and 

affoids  a  remarkably  hard  and  dense  wood,  which  is  admirably  adapted  to 

the  purposes  of  the  wood-engraver.     Several  American  trees  of  the  same 
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fsimilj,  especially  St/phonta  dasticaj  yield  a  milky  joice,  which  on  evapo- 
ration furnishes  iDdia-rubber. 

146.  Aristoloohiacejb.  Birth-wort  tribe. — The  plants  of  this  small 
family  are  mostly  climbers,  and  possessed  of  bitter  or  acrid  tonic  stimolating 
qualities.  Aristolochia  sipko,  with  large  cordate  leaves,  is  valued  as  an 
ornamental  plant.     Serpentaria  and  Assarum  are  used  in  medicine. 

147.  Thymeliace^.  Mezereon  tribe. — The  most  common  plants  of  this 
order  are  Daphne  laureola,  not  rare  in  chalky  woods  and  hedges ;  and  D, 
mezereum  (fig.  140)^  the  beautiful  flowering  shrub  of  our  gardens,  the  flowers 


1.  Stamen. 


140.  Daphne  mexereom. 
2.  Pistil.  3. 


Part  of  berry  and  seed. 


of  which  appear  in  March.     The  juice  of  its  rind  is  so  acrid  ihat  it  will 
speedily  raise  blisters  on  the  skin. 

148.  Myristioaoe^.  Nutmeg  tribe, — The  tree  (Myristica  moschata, 
fig.  141,))  from  which  we  derive  the  nutmeg,  which  is  an  important  object 
of  commerce,  belongs  to  this  family.  The  nut  is  enveloped  in  an  integu- 
ment which  is  called  mace.  Some  species  produce  a  fixed  oil  of  a  fatty  con- 
sistence. The  beautiful  Tulip-tree  (Liriodendron  tulipifera)  belongs  to  this 
order. 

149.  Lauraoe^.  Cinnamon  tribe.  —  This  highly-aromatic  family  is 
chiefly  confined  to  the  East  Indies.  It  includes,  among  many  other  plants, 
Laurus  cinnamomum  (fig.  142),  which  produces  the  fine  Ceylon  cinnamon ; 
and  the  Laurus  cassia,  which  yields  the  aromatic  bark  from  which  cinna- 
mon-oil is  extracted.  The  Victor's  Laurel  (Laurus  nobilis)  not  only  sup- 
plies wreaths  for  our  poets  and  artists,  but  the  leaves  also  lend  a  spicy  aroma 
to  our  condiments,  and  the  oil  of  the  same  is  employed  in  medicine.  6Vzf^ 
phory  the  produce  of  Laurus  camphora,  has  various  applications.  (Com-  \ 
Chem.  §  139.)  ^ 

150.  PoLYGONACEJB.  Buck-wheat  tribe. — The  plants  of  this  tribe  have 
triangular  seeds  in  a  hard  shelly  perisperm,  and  are  used  for  nearly  the  same 
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1.  Caljx  and  stamens. 

2.  Stamens. 


141.  Myristaoa  moschata. 
8.  Anthers. 
4.  Female  flower. 
7.  Embryo. 


5.  Nub. 

6.  Seed  divided. 


Xpa 


purposes  as  oatmeal,  and  can  be  produced  on  the  poorest  soils.  The  species 
of  Dock  (Rnmex)  contain  oxalic  acid,  and  some  of  these  are  cultivated  as 
salad  plants.  The  famous  Rhubarb  is  obtained  from  RJieum  (figs.  143, 
144,  and  145),  which  grows  on  the  steppes  of  Northern  Asia,  and  usually 
reaches  Europe  through  Russia. 

150.  Labiate.  Inhftte  tribe.  —  The  very  numerous  members  of  this 
fkmilj  are  known  by  their  labiate  or  ringent  blossoms,  and  by  their  four 
stamens,  two  of  which  are  shorter  than  the  other  two.  They  are  also  mostly 
distinguished  for  secreting  a  highly  volatile  aromatic  oil,  which  is  partly 
used  in  medicine,  partly  as  a  perfume.  Mint,  Rosemary,  Thyme,  Mar' 
joram,  Hym>p,  Sage,  Lavender,  &c.,  are  examples.  As  non-aromatics,  the 
Dead  Nettle,  the  Ground  Ivy,  and  several  others  may  be  mentioned. 

152.  Ericace^.  Heath  tribe. — A  great  number  of  plants,  besides  CaU 
^  na  vulgaris,  or  Common  Heath,  belongs  to  this  family ;  but  the  greater 
part  of  them  is  imported  from  Africa,  and  they  are  all  highly  prized  for  the 
neatness  of  their  habit,  and  the  abundance  of  their  pretty  globular,  urceo- 
late,  or  campanulate  flowers.  Heath  forms  almost  the  only  surface-covering 
of  our  mountains ;  and  extensive,  dry,  barren,  sandy  flats  are  covered  with 
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142.  Laums  oiimamomam. 
1.  Perfect  Stamen,  with  an  Abortive  one  at  Base. 
8.  Fruit 


2.  Pistil 


■'■m  \ 


148.  Bhewn  emodi. 


144.  Bheom  oompactum 
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146.  Rheum  pulmatnm. 

them.  They  are  of  some  value  in  affording  a  rich  supply  of  honey  to  the 
hees.  The  Rhododendronj  or  Alpine  Rose,  is  found  near  the  summits  of 
the  lo%  mountains ;  and  the  exotic  plants  of  this  genus,  with  Azaleas,  Kal- 
mias,  &o.,  are  the  great  ornaments  of  our  lawns  in  early  summer.  The  2?i^ 
herry  (Vaccinium  myrtillus)  grows  in  woods,  and  produces  an  insipid  berry, 
which,  however,  is  used  for  culinary  purposes ;  and  the  Cowberry  (V.  viti- 
sidaea)  is  also  eatable;   and  the  ^. 

Cranberry  is  imported  in  vast  quan- 
tities from  Canada,  &o. 

153.  SCROPHTJLARIACE^.    ^1^- 

v}ort  tribe.  — Among  many  unim- 
portant plants  belonging  to  this 
family,  such  as  ScrophtUarta  (Fig- 
wort),  Euphrasia  (Eye-bright),  for- 
merly of  some  repute  as  an  officinal 
plant,  and  the  Veronicas,  some  of 
which  are  ornamental,  and  many 
of  them  worthless  weeds,  we  may 
notice  Digitalis  (fig.  146),  a  beau- 
tiful plant,  and  much  esteemed  as 
an  effective  remedial  agent  in  vari- 
ous complaints.  The  beautiful  cal- 
ceolarias, commonly  called  ladies' 
slippers,  are  members  of  this  fa- 
mily. 

154.  SoLANAOEJB.  NiglU-shade 
tribe.  —  The  individual  plants  com- 
posing this  important  order  are 
easily  referable  to  it  by  their  exter- 
nal characters.  They  have  a  mo- 
nopetalous  rotate  corolla,  and  five  stamens.  The  most  of  them  are  also 
distinguished  by  their  narcotic  qualities,  which  are  mostly  resident  in  their 
roots  and  seeds. 


146.  Digitalis  Purpurea. 
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147.  Datura  stramonium. 


148.  Atropa  belladonna. 


As  poisonous  plants^  we 
mention  the  Thomnipph 
(Datura,  fig.  147),  Byosc^ 
amus,  Atrcpa  belladonna 
(fig.  148),  which  has  too 
often  allured  children  to  eat 
its  poisonous  black  shining 
berries.  It  is,  however,  of 
rare  occurrence.  The  Wocdy 
and  annual  Nightshada 
(Solanum  nigrum  and  Dul- 
camara are  suspected  plants. 

Tobacco  (Niootiana)  loees 
a  small  part  of  its  narcotie 
qualities  by  drying  and  pre- 
paration. This  plant,  now 
80  common  an  article  of  com- 
merce and  consumption,  was 
introduced  from  America  in 
1540. 

We  are  indebted  to  the 
same  quarter  of  the  world 
for  the  Potato  (Solanum 
tuberosum),  which  was  first 
brought  to  England  in  1586, 
by  Sir  Walter  Raleigh,  or 
rather  by  some  colonists  led 
by  him  to  Virginia,  who 
soon   returned  and  brought 


1.  SUmens.    2.  Styles."  8.  Stigma.  '  4.  Berry  and  ^^^  V^^^^  ^^^^^  ^^^^  ^^^"^• 
Seed.  Thb  valuable  esculent,  which 
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DOW  yields  food  for  milHons  of  human  beingS;  was  not  coltivated  as  an 
article  of  general  consumption  till  about  100  years  ago.  As  it  is  exceed- 
ingly prolific,  and  can  be  produced  on  the  poorest  soils,  it  has  much  dimin* 
ished  the  risk  of  famine  with  which  this  country  was  occasionally  visited. 
The  potato-culture  is  still  susceptible  of  improvement,  both  in  the  quality  and 
in  the  quautity  of  the  tubers.  Potatoes  which  have  been  allowed  to  sprout 
in  pits  or  cellars  are  dangerous.  Frozen  potatoes  may  be  rendered  eatable 
by  laying  them  for  a  considerable  time  in  cold  water.  The  potatoes  may 
be  taken  out  when  a  crust  of  ice  has  been  formed  on  the  water,  and  lodged 
in  a  cellar  for  immediate  consumption.  In  wet  seasons  the  potato  does  not 
secrete  a  due  quantity  of  farinaceous  matter,  and  consequently  is  more  liable 
to  decomposition,  especially  if  the  heaps  where  they  are  stored  be  too  large. 
The  cause  of  a  disease  which  for  the  last  few  years  has  destroyed  a  vast 
quantity  of  potatoes,  is  still  but  little  known. 

Among  the  other  members  of  this  family  are  the  Egg-plant  (Solanum 
oviferum;,  and  the  Love-apple  (Solanum  lycopersicum),  both  ornamental 
plants.  Fhysalis,  or  Winter  Cherry,  and  Capsicum,  or  Spanish  Pepper, 
also  MuUein  (Yerbascum),  sometimes  used  as  an  expectorant. 

155.  BoRAGlNACE^  Boroge  tribe,  —  The  plants  of  this  order  have 
rough  hairy  stems  and  leaves,  with  monopetalous  rotate  corollas,  and  five 
stamens ;  sometimes  the  petals  are  disunited.  GThey  secrete  mucilage ;  and 
several  of  them,  especially  Borage  (Borago),  requires  for  its  growth  a  soil 
containing  nitrates  (§  99.  The  common  plants  belonging  to  this  family  are 
Comfrey  (Symphytum),  Buglosi  (Lycopsis),  GromweU  (Lithospermum), 
Ox'Umgue  (Anchusa),  AVcanet  (Anchusa  tinctoria),  the  root  of  which  yields 
a  red  dye ;  the  Vipen^s  hugloss  (Echium),  Forget^me-nol  (Myosotis),  which 
loses  its  hairy  habit  when  growing  in  water. 


149.  Gentiana  lutea. 

156.  CoNVOLVTTLACiLffl.     Bindweed  tribe,  —  This  small  order  compre- 
hends Convolvulus  sepium  and  C.  arvensis,  the  hedge  and  field  convolvulus } 
32 
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the  Jalap  plant  (C.  Jalapa),  whose  resinous  root  k  medicinal.     C.  Batatas 
yields  a  large  farinaceous  root  employed  as  potatoes. 

157.GKNTIANACEiB.  The 
Gentian  tribe.  —  A  fimily 
of  plants  dbdngoished  by 
the  intense  blae  coloar  of 
their  blossoms,  and  by  their 
exceedingly  bitter  roots. 
They  are  Gentiana  acaulig, 
and  vema,  both  Alpioe 
plants;  and  G.  lutea  (fig. 
149),  used  in  medicine  as  a 
tonic;  and  also  tbe  pretty 
Erythrma  and  the  handsome 
Menyanthes  (fig.  150). 

158.  APOCYNACE^i  -^^og- 
bane  tribe.  —  This  tolerably 
large  order  is  mostly  com- 
posed of  exotic  plants,  many 
of  which  are  dangerous,  as 
Strychnos  nux  vomica  Tfig. 
151),  whose  seeds  are  called 
crow's  eyes,  or  St.  Igna tins' 
beans,  and  contain  the  poi- 
sonous alkaloid  which  b 
termed  Strychnine.  (Com. 
Chera.  §  148.) 

Upas  Heute,  an  East  In- 
dian tree,  yields  a  juice  with 
which  the  natives  poison 
their  arrows.  The  evergreen 
Vinca  (Periwinkle)  ana  ,A^ 
clepias  of  Europe  are  harm- 
less. 

159.  Jasminiacejk. 
Jasmin  tribe.  —  A    family 

of  favourite  plants ;  among  many  others  the  sweet-scented  Jessamine^  the 
Syringa  (Lilac),  and  Privet  are  distinguished. 
It  contains  the  famous  Olive-tree  (fig.  152),  the 
pride  of  Italy  and  Greece,  and  the  symbol  of  peace. 
The  Ash  (Fraxinus)  of  warmer  climates  yields  a 
substance  called  manna.  The  well-known  blister- 
ing insects  (Spanish  flies)  are  found  only  on  the 
plants  of  this  family. 

160.  CAPRlFOLiACKiE.  Honeymclde  tribe, — 
In  this  family  we  find  the  choicest  plants  for  cover- 
ing the  arbours,  and  for  omamepting  the  verandahs 
and  other  parts  of  our  dwellings.  The  flowers  and 
berries  of  the  Elder  (Sambucus  nigra)  have  long 
been  an  esteemed  sudorific;  and  the  Snow-ball^ 
(Viburnum)  is  one  of  our  most  ornamental  shrubs. 


160.  Menjanthes  trifoliata. 


151.  Strychnos  nux 
vomica. 
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161.  DlPSACE^.  Teazel  tribe. — ^The  most  important  plant  of  the  order 
is  the  T'eoze/ (Dipsacus  fullonum),  cultivated  for  its  capitula  or  heads;  used 
bj  cloth  manufacturers  for  raising  the 
nap  on  cloth.  The  Scabious  adorns 
oar  meadows  in  the  late  summer,  and 
the  sweet  scabious  is  still  retained  as 
an  ornament  in  our  gardens. 

162.  CoMPOSlTiB.  Compound 
tribe.  —  This  exceedingly  numerous 
fimilj,  with  compound  flowers,  is 
separated  into  four  sub-orders :  — 

1st.  CiCHORACEiE.  Chicory  sub- 
tribe. — This  sub-order  is  distinguished 
by  the  linguiform  florets,  and  by  a 
bitter  milky  sap,  of  which  our  well- 
known  salad-plant.  Lettuce  (Laotuca), 
poinonous  Lettuce  (Lactuca  virosa), 
Chicory  (Cichorium),  Endive,  &c., 
are  examples.  Chicory  is  used  to 
adulterate  coffee,  and  to  colour  porter. 
Dandelion  (Leontodon  taraxacum) 
is  used  medicinally,  and  Scorzonera 
was  once  famous  as  a  pot-herb. 

2nd.  Cynarocephaljb.  Artichoke 
sub-tribe.  —  The  plants  of  this  sub- 
order are  known  by  their  bitter  juices. 
Our  Ladtfs  Thistle  (Carduus  benedictus),  the  Com-jUnoer,  the  Knap-ioeedy 
and  the  Clot-bur,  are  familiar  examples.  The  latter,  by  the  hooked  bracts, 
takes  firm  hold  of  everything  softer  than  itself.  The  Artichoke  is  an  escu- 
lent of  less  repute  than  formerly,  and  Safflor  (Carthamus)  is  esteemed  for 
the  red  but  not  permanent  colour  which  it  yields. 

3rd.  EuPATORiNE^.  Hemp  Agrimony  sub-tribe.  —  The  most  common 
plants  of  this  sub-tribe  are  the  Tussilago,  the  yellow  blossoms  of  which 
appear  early  in  spring ;  the  leaves  not  till  late  in  summer.  It  is  an  expec- 
torative pkmt.  The  Everlasting  (Gnaphalium),  of  which  the  Germans  and 
French  make  funereal  wreaths;  the  Tansy,  Artemisia,  or  Wormunxxi,  « 
reputed  anthelmintic ;  hence  its  name. 

4  th.  Radiate.  Ray-flowered  sub-tribe. — The  Daisy,  the  first  priae  of 
infancy,  is  sufficiently  characteristic  of  this  sub-order;  to  which,  among 
many  hundreds  besides,  the  following  belong :  — 

Milfoil,  the  nohle  Chamomile^  distinguished  from  the  baser  sort  by  its 
hollow  disk,  and  more  obviously  by  its  rich  fragrance,  espeeially  when 
bruised  by  the  passing  steps  of  the  wayfarer.  The  Asters  of  China  and  the 
Dahlias  of  Mexico  are  the  most  ornamental  of  our  late-flowering  garden- 
plants,  and  the  stately  sun-flmcer ;  a  species  of  the  latter  yields  the  well- 
known  esculent  called  Jerusalem  artichoke,  which  some  fondly  fancy  to  be 
nearly  equal  in  value  to  the  potato.   The  seeds  of  Madia  yield  a  savoury  oil. 

163.  VALERlANACEiE.  Valerian  tribe. — ^The  field  salad,  Fedia  olitoria, 
or  Lamb's  Lettuce,  is  one  of  the  earliest  and  weloomest  plants  of  this  tribe. 


152.  Olea  eoropsa. 
Corolla.    2.  Calyx.     8.  Drapes. 
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The  Common  Valerian  is  a  medicinal  plant^  the  root  of  whioh  has  a  pecii- 
liar  odonr,  very  agreeable  to  cats. 

164.  RuBiAOE^.  Madder  and  Peruvian  Bark  tribe.  —  The  different 
genera  of  this  important  family  are  not  distinguished  bj  any  obvioas  di»- 
criminative  characters,  either  external  or  internal.  The  genus  Ginchonay  or 
Peruvian  hark,  yields  the  famous  febrifuge  so  well  known.  At  its  first 
introduction  into  Europe  in  the  17th  century,  it«  value  was  estimated  at  its 
weight  in  gold.  It  yields  the  quinine  of  the  Pharmacopoeia  (Chem.  §  148), 
and  is  the  common  specific  in  cases  of  intermittent  fever. 

Cepheslk  (fig.  153)  yields  the  Ipecacu^anha  of  the  shops.     Coffee  is  a 
r  native  of  Africa,  but  has 

been  long  cultivated  in  Ara- 
bia, in  the  East  and  West 
Indies,  &c.,  and  forms  an 
important  item  in  European 
imports. 

The  first  coffee-bouses 
were  established  in  Con- 
stantinople in  1554;  in 
London,  in  1652  j  in  Mar- 
seilles, in  1671.  The  an- 
nual production  of  cofiee  is 
estimated  at  500  millions 
of  pounds;  the  value  of 
this  article  imported  into 
Europe  is  estimated  at  about 
seven  millions  of  pounds 
sterling.  Coffee  contains 
a  substance,  called  caffeine, 
that  can  be  crystallised; 
this  product  has  been  disco- 
vered both  in  tea  and  cocoa. 
Madder  (Rubia)  produces  the  precious  dye  called  Turkey-red,  and  is,  con- 
sequently, an  object  of  culture  in  many  countries.  The  Galium  grows  in 
our  hedges,  and,  like  the  Clot-bur,  sticks  to  the  clothes  and  woolly  ooverinc 
of  animals.  The  pretty  Asperula  ('Woodruff)  is  used  in  the  preparation  of 
the  favourite  "  maiwein  "  of  the  Rhine. 

165.  IJMBELLiFEBiE.  Umbellate  tribe. — ^All  the  plants  arranged  in  this 
order  have  five  stamens,  and  belong  to  the  5th  class,  Pentandria,  of  the 
Linnsean  system.  Their  umbellate  inflorescence  and  many-parted  leaves  are 
obvious  distinguishing  ordinal  marks.  Their  seeds  are  small,  and  abound 
in  volatile  oil,  and  for  this  property  they  are  partly  used  in  medicine,  and 
partly  in  culinary  preparations.  Several  form  juicy  saocharine  roots,  as  the 
Carrot  and  Parsnip.  The  leaves  of  Parsley,  Celery,  &c.,  are  also  edible. 
Fennel,  Caraways,  Anise,  Coriander  (fig.  154),  &c.,  are  aromatic. 

Together  with  these  plants,  the  roots,  or  leaves,  or  seeds  of  which  afford 
eatables  or  condiments,  there  are  some  highly  poisonous,  of  which  the  fol- 
lowing are  examples,  viz. :  Conium  maadatum  (Hemlock,  fig.  155)  and 
JEthusa  cynapium  (Fools'  Parsley).     The  mistaking  of  these  plants  has 


153.  Cephielis  ipecacuanha. 
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164.  Coriandam  satiYum. 

1.  A  portion  of  an  umbil  in  fruit. 

2.  A  fruit  magnified. 

8.  TransYerse  section  of  the  same. 


166.  Conium  maculatum. 

a.  Vertical  section  of  fruit  c.  Fruit. 

h.  Transyerse  do.         do.  d.  Flower. 


often  produced  fatal  accidents,  as  they  are  very  liable  to  be  collected  instead 
of  several  of  the  above-named  eatable  species. 

On  this  account  we  will  give  a  precise  description  of  these  two  poisonous 
plants. 

The  Hemlock  has  a  spotted,  rounds  hollow  stem^  usually  from  3  to  4  feet 
high.  Its  leaves  are  smooth  tripinnate ;  the  leaflets,  lanceolate,  incised  with 
pointed  teeth.  The  involucre  has  five  bracts,  and  the  involucel  three  pendent 
bracts ;  the  petals  are  small  and  white.  The  fruit  is  oval,  and  the  seeds  are 
provided  with  five  ribs  (viUae). 

The  whole  plant  has  an  unpleasant  smell;  when  wetted  or  rubbed  between 
the  fingers. 

The  Parsnip  is  distinguished  from  the  Hemlock  by  its  yellow  flowers  and 
&ae  want  of  the  involucre  and  involucel.  The  Hemlock  can  only  be  mis- 
taken for  Parsley  when  it  is  young  and  before  it  has  produced  its  stem.  The 
leaves  of  the  Parsley  then  afford  a  good  discriminative  character,  in  being 
oval,  incised,  and  toothed,  and  in  yielding  an  agreeable  odour  when  rubbed. 

The  Fool's  Parsley  has  bipinnate  leaves,  with  small  leaflets.  The  umbels 
have  no  involucre,  and  the  umbollules  have  an  involucel  of  three  pendent 
bracts,  half  surrounding  the  peduncle.  The  fruit  is  roundish,  and  the  seeds 
are  furnished  with  five  rather  thick  ribs. 

This  plant,  FooFs  Parsley,  often  grows  in  gardens,  and  might  be  mistaken 
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for  Chervil  or  Parsley.     Its  mialler,  tnodaroiu  hafleUj  however,  precisely 
distingaish  it  from  both  these  edible  plants. 

The  Wat^r  Hemlock  (Cicuta  virosa,  fig.  156)  is  still  more  daDgerons  than 
either  of  the  two  above^escribed  poisonoos  species,  only  it  grows  in  water 
and  at  a  distance  from  human  habitations,  and  therefore  is  less  likely  to  be 


156.  Cicata  virosa. 
1.  A  flower.  2.  Fruit. 

gathered  for  domestic  purposes.  [The  Cicuta  virosa  is  common  to  Europe, 
and  is  also  found  in  Canada;  but  the  Cicuta  macvlata  (fig.  157)  is  found 
in  all  parts  of  the  United  States,  growing  in  wet  places,  and  flowering  in 
July  and  August.] 

The  poisonous  efiisots  of  Conium  are  paralysis,  convulsions,  palsies,  &o. 
When  inadvertently  taken,  warm  water  and  oil  should  be  swallowed  as  soon 
as  possible,  in  order  to  produce  evacuation  of  the  stomach.  And  this  general 
remedy  may  be  employed  in  similar  oases,  if  medical  aid  be  at  a  distance, 
or  until  such  can  be  procured. 

Some  Persian  umbelliferous  plants  contain  a  milky  juice,  which,  on  eia- 
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167.  Ciouta  maculata. 


168.  Narthex  assofoeticUb. 
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porataon,  yields  gam  resins  (Chem.  §  142) :  as  familiar  examples,  may  be 
meDtioned  assafoBtida  and  gum-ammoniacum  [the  former  of  which  is  obtained  ' 
from  the  Narthex  ^ssafaetida  (fig.  158),  which  is  a  native  of  many  parts 
of  Persia].  ^ 

166.  GROSSULAOEiE.  Gooseberry  tribe,  — ^We  must  not  neglect  to  men- 
tion this  little  tribe  of  plants  which  produce  our  numerous  varieties  of  Goose- 
berries and  Currants. 

167.  CuouRBiTAOBJB.  Gourd  tribe.  —  This  fieimily  is  distinguished  bj* 
its  huge  fruit;  and  contains  the  Melon,  the  Gourd,  the  Oucumberf  the  Bil- 
ter  Colocynth,  [Cucumis  oolooynthis,  fig.  159,]  the  White  Brumy,  &c,  ^  ..— 

168.  Caotaob^.  Cactiu^riSe. — 
More  than  400  distinct  species  of 
this  order  are  found  in  difl^erent  parts 
of  America.  In  outward  appearance 
they  depart  so  widely  from  the  normal 
form  of  plants,  that  they  have  more 
the  aspect  of  deformed  monsters  or 
mere  abortions  than  of  definitely- 
organised  bodies.  They  consist  chiefly 
of  a  very  fleshy  stem,  sometimes  glo- 
bular or  ovate,  with  angles  and  deep 
depressions,  sometimes  cylindrical, 
sometimes  triangular,  sometimes  fla^ 
sometimes  lobed;  but  always  armed 
with  dangerous  spines  or  prickles. 
Their  blossoms  are  of  marvellous 
beauty,  and  generally  very  large ;  and 
the  contrast  between  these  and  the 
grotesque  stems  further  excites  our 
admiration.  Some  of  them  grow  in 
the  south  of  Europe.  The  C,  opuntia 
bears  edible  fruit,  and  C,  coceendi/cra 
yields  food  for  the  cochineal  insect^ 
which  produces  the  beautiful  scarlet 
dye.  In  hot  climates  their  sap  af- 
ords  a  refreshing  drink,  and  they  form  impassable  hedges.  C,  ^eci- 
osuSy  C.  flageUi/ormis,  and  C.  phyUanthoides  are  cultivated  as  ornamental 
plants. 

169.  Myrtaceje.  The  Myrtle  tribe. — All  these  plants  secrete  a  volatile 
oil,  and  are  found  only  in  warm  climates.  We  frequently,  however,  culti- 
vate them  as  ornamental  objects,  especially  the  Myrtle^  whose  green,  shining 
leaves,  and  pure  white  blossoms  appear  so  lovely  on  the  ringlets  of  a  bride. 
Among  other  productions  of  this  family  are  the  Glove  [the  unexpended 
flower  of  Caryoph^lus  aromaticus,  fig.  160],  the  Co;Vp«<-0i7  [which  is  derived 
from  the  Melaleuca  cajuputi,  fig.  161],  and  the  Allspice.  The  Guavas  and 
Rose-apples  are  pulpy  edible  fruits.  They  are  all  natives  of  the  East 
Indies. 

170.  RosACE-ffl.  TJie  Rose  tribe.  —  In  this  order  we  meet  with  a  great 
number  of  well-known  and  very  useful  plants.  Many  diversities  and  ano- 
malies are  indeed  prevalent  in  Uiis  family ;  but  we  may  be  convinced  by  an 


169.  Cucumis  colocynthia. 
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160.  Cai^opliylltifl  aromaticas. 


161.  Melaleuca  cajupnti. 


162.  Indigofera  tinotoria. 


ftttentiye  oonsideration  of  their  blossoms,  that  the  Rose,  the  queen  of  flowers, 
has  a  just  claim  to  represent  her  namerous  relations,  and  to  lend  her  name 
to  her  immediate  descendants.     In  this  place  it  would  be  superflnous  to 
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praise  a  flower  which  has  been  celebrated  by  the  poets  of  all  natioiis  and  of 
all  times.  In  Persia  and  other  oriental  lands  the  predoas  attar  of  roses,  or 
rose-oil,  is  extracted  from  its  petals. 

The  species,  sub-species,  and  varieties  of  the  Rote  amount  to  thousands, 
and  it  is  not  the  only  plant  of  the  family  which  has  a  numerous  progray. 
We  reckon  by  hundreds  the  varieties  of  Apples,  Pears,  PltoM,  and  Cher- 
ries, which  have  in  the  progress  of  horticultural  science  been  amasingty 
improved  as  well  as  increased,  though  originally  derived  from  the  Orib, 
Wild  Pear,  Sloe,  and  Wild  Cherry.  The  Strawherri/,  Raspberry,  &&, 
have  given  rise  to  multitudes  of  sorts,  all  more  or  less  priced.  The  leaves 
of  the  Laurel,  the  fruit  of  the  Almond-tree,  and,  in  general,  the  819  of  all 
these  plants,  contain  a  small  portion  of  prussic  acid.  The  Hips  and  the 
MaiDS,  the  fruits  of  the  Wild  Rose  and  Hawthorn,  afford  winter-food  for 
the  immense  flocks  of  Field-fiires  which  annually  visit  England  in  Oc- 
tober. 

The  Crateegtis  forms  a  thick  and  durable  hedge-fence. 

171.  Leouminif£RJB.  The  Legume-hearing  tribe,  —  In  this  extensive 
order,  well  characterised  either  by  the  papilionaceous  blossom  (§  55),  or  by 
the  leguminous  pericarp,  or,  finally,  by  the  pinnate  foliage,  a  great  numb^ 
of  very  useful  plants  are  to  be  met  with.  Their  seeds  contain  much  starch, 
and  are  especially  rich  in  nitrogenous  fibrin  and  phosphate  of  lime,  and  aie 
on  these  accounts  considered  as  the  most  nutritive  of  all  plants. 

The  Bean,  the  Pea,  the  Kidney-bean,  with  their  many  varieties,  are  em- 
ployed in  various  ways  as  articles  of  human  diet.  The  Trefoil,  Sainfoin, 
and  Lucem,  are  estimable  fodder-plants.  The  Melitot,  when  dry,  has  a 
pleasant  smell,  like  green  cheese,  and  is  used  to  soent  snuff. 

The  Indigo  plant  [Indigofera  tinctoria,  fig.  162]  produces  one  of  the  most 
valuable  of  coiours,  celebrated  for  its  beauty  and  durability.  This  highly- 
important  plant  is  chiefly  cultivated  in  India.    It  is  prepared  by  maoeratiDg 


Hematozjlon  campeochianam. 


Aeada  aralnoa. 


tho  plants,  or  onlv  their  leaves  and  tops,  in  water  for  several  days,  and  then 
taking  off  the  coloured  scum  which  rises  during  the  operation  of  steeping : 
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ifaia  prooesa  is  repeated  several  times,  till  all  the  colonriDg  matter  is  extracted ; 
the  slimy  product  is  then  dried  and  packed  for  exportation.  Other  plants 
of  this  funily,  as  the  Hsematoxylon  [or  Logwood,  HsBmatoxyUm  campeackir 
anwa^f  fig.  163]  and  the  Cassalpinia,  yield  dye-staffs:  the  former,  blue, 
violet,  and  black ;  the  latter,  a  red  colour. 

The  number  of  plants  in  this  family  producing  medicinal  substances  is 
still  greater.  Among  these,  we  may  mention  the  different  sorts  of  Mimosa^ 
which  produoe  Guwrarabic  (fig.  164),  the  Senna-plant  (figs.  165  and  166), 


165.  Cassia  canceolata. 
1.  Separated  flowers.  2.  Seed.  8.  Legume. 

the  St,  John's  Bread-tree,  the  Tamarind  (fig.  167),  the  Liquorice  (fig. 
168),  the  Gnm-tragacanthy  the  Copal,  the  Balsam  of  Tolu,  and  many 
others. 

Finally,  many  of  these  plants  form  the  most  conspicuous  and  permanent 
ornaments  of  our  gardens  and  pleasure-grounds.  Among  these  may  be  men- 
tioned the  Lahumum,  the  mytisus,  the  lovely  Wisteria,  and  many  sorts  of 
Broom,  &c. 

172.  Terebinthage^.  The  Sumach  tribe,  —  This  numerous  tribe, 
mostly  composed  of  plants  produced  in  warmer  regions  than  ours,  is  remark- 
able for  the  resinous  substances,  gums,  and  oils,  which  are  its  chief  produo- 
ticms.  The  Sumach,  of  which  there  are  many  species,  yields  stringent  mat- 
ter, used  in  tanning  and  dyeing.  It  also  yields  the  celebrated  varnish.  The 
Ihison-oak,  another  individual  of  the  Sumach  genus,  is  reported  to  be  so 
poisonous  that  it  is  dangerous  to  tarry  even  in  the  vicinity  of  the  tree.  Its 
eilects,  however,  are  not  the  same  on  all  persons.  The  Walnut-tree  is  cele- 
brated for  its  fruit,  and  the  wood  is  used  in  preparing  models.  During  the 
wars  of  the  French  Bevolution  many  Walnut  trees  were  planted  in  Eng- 
land to  supply  musket-stocks,  which  are  made  of  this  wood. 

173.  RHAMNAGEiE.  The  Buck-thcrm  tribe. — The  black  pulpy  berries 
of  the  Buck-thorn  (Rharomus  catharticus),  mixed  with  lime-water  and  dried, 
form  the  vegetable  colour  called  sap-green.  The  carbon  obtained  from  R, 
frangvla  is  preferred  for  the  manufacture  of  gunpowder. 

174.  BuTAGE^.     The  Rue  ti-ibe, — ^In  this  there  are  many  sub-tribes 
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166.  Caseia  acutifoUo. 
a.  Detached  Flower. 


167.  Tamarindos  indico. 
a.  Set  of  stamens.       b.  Style,      e.  Pod. 


168.  Glyoyrrhiza  glabra. 
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which  might  almost  he  considered  as  distinct  orders.  Of  these,  the  Rue  is 
remarkable  for  yielding  a  powerfully  aromatic  and  volatile  oil.  The  Die- 
tamnus  is  an  ornamental  flower,  with  rich  purple  blossoms;  sometimes  in 
warm  nights  the  plant  emits  a  sort  of  phosphorescent  light.  The  Quassia 
(fig.  169),  an  extraordinarily  bitter  drug,  and  the  Gtiaiacum  (fig.  170),  used 
in  medicine,  are  members  of  this  family. 


169.  Quassia  excelsa. 


1.  Male  flower. 

2.  Flower  expanded. 


8.  Fertile  flower. 
4.  Drupe. 


175.  ViTAOBiB.  The  Vine  tribe. — This  tree,  with  a  few  other  less  notable 
plants,  forms  a  small  but  highly  important  order.  Though  originally  a 
native  of  Persia  and  of  the  East,  it  has  become  acclimatised  in  the  whole 
of  southern  Europe,  and  is  the  common  and  useful  ornament  of  the  cottages 
in  the  soutiiem  counties  of  England  [and  in  the  Middle  and  Southern 
States  of  this  country],  where  every  one  may  sit  under  his  own  vine,  if  not 
under  his  own  fig-tree. 

176.  AOERAOEiB.  The  Sycamore  tribe.  —  A  small  order,  mostly  trees, 
producing  light  useful  timber  and  fuel-wood.  From  one  of  this  species^ 
Acer  io^harinumf  the  Canadians  extract  large  quantities  of  sugar. 
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170.  Gaaiaoum  officinale. 
1.  Corolla  and  stamens.  2.  Seeds. 


3.  Fruit. 


177.  AuRANTiACEiE.  The  Orange  tribe, — ^These  dark-leaved  trees  of 
the  south  of  Europe  and  other  sunny  lands  are  remarkable  for  the  abandance 
of  aromatic  volatile  oil,  which  they  produce  in  every  part  of  their  substance, 
as  well  as  for  their  beautiful  fruit,  which  is  partly  composed  of  citric  add 
and  partly  of  sugar.  There  resides  in  the  rind  of  the  fruit  an  aromatic 
bitter  material.  The  principal  species  are  the  common  Orange^  the  Lim^ 
the  Lemon,  and  the  Shaddock,  and  there  are  numerous  varieties. 

178.  CAMELLlACEiB.  The  Camellia  tribe. — Besides  the  Camellia,  or 
Japan  Rose,  one  of  the  choicest  ornaments  of  the  conservatory,  this  tribe 
includes  the  Teapshrub,  a  native  of  the  Celestial  Empire.  The  different 
sorts  of  tea  originate  rather  in  the  season  at  which  the  leaves  are  plucked 
off,  and  in  the  manner  in  which  they  are  prepared,  than  in  any  specific  dif- 
ference in  the  shrubs  on  which  this  article  is  produced.  Tea  as  well  as  coffee 
contains  a  crystallisable  matter.  A  Russian  ambassador  first  introduced  tea 
from  China  about  the  beginning  of  the  17th  century.  Its  annual  con- 
sumption is  now  reckoned  at  700  millions  of  pounds. 

179.  BYTTNEEiAOE-ffi.  Cocoo-tree  tribe.  —  The  regions  of  Mexico  pro- 
duce the  plants  from  which  the  well-known 
cocoa  of  commerce  is  obtained ;  a  substance 
from  which  chocolate  is  prepared.  [These 
plants  belong  to  the  genus  Theooroma^ 
which  are  all  small  trees,  one  of  whose 
species  is  shown  in  fig.  171.]  This  con- 
tains, like  coffee  and  tea,  as  above  mentioned, 
a  crystallisable  Tproduct,  [theobromine.'] 

180.  MALVACEiB.  The  Mallow  trtbe.-^ 
These  plants  produce  abundance  of  a  viscid 
mucilaginous  material,  and  have  been  long 
celebrated  as  totally  destitute  of  all  un- 
wholesome qualities.  Emollient  fomenta- 
tions are  prepared  from  the  roots  of  Althaa, 
Malva,  &c. 
One  of  the  most  important  plants  of  this  order  is  the  Cottonrflant  (Gos- 


171.  Theobroma  cacao. 
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sypiam),  whose  parent  land  is  Africa,  whence  it  has  heen  transferred  to 
America  and  to  the  East  Indies :  it  is  also  planted  and  thrives  in  the  south 
of  Europe.  The  wool  is  produced  in  the  carpels,  just  as  a  similar  substance 
is  formed  in  the  catkins  of  Poplar^  Willoio,  &c.,  and  in  the  capsules  of 
Epilchium  (French-willow  herb).  This  wool  is  manufactured  into  stuffs 
of  infinite  variety,  both  in  texture  and  colour,  and  supplies  more  clothing 
than  all  other  vestiary  materials  put  together ;  and  its  cultivation  and  fabri- 
cation form  the  employment  of  millions  of  the  human  race,  aided  by  the 
most  ingenious  machinery  that  has  ever  been  invented. 

181.  LiNAOBiB.  The  Flax  tribe,  —  This  order,  next  to  the  one  above 
described,  is  tiie  most  important,  as  supplying  a  greater  amount  of  clothing 
material  than  any  other  family  of  the  vegetable  kingdom,  with  the  above 
exception.  Its  greater  tenacity  and  absorbency,  as  well  as  its  applicability 
to  the  manu&cture  of  paper,  render  it  more  valuable  on  the  whole  than 
cotton. 

182.  Cartophtllacejb.  The  Fink  tribe. — ^In  all  gardens  we  meet  the 
Fink,  Camathftj  and  several  Silenes.  The  Soap-wort  plant  (Saponaria), 
when  its  leaves  are  bruised  or  crushed,  makes  a  lather  with  water,  and  was 
formerly  used  for  the  same  purposes  as  soap.  The  Com-codde  (Githago) 
also  belongs  to  this  order. 

183.  ViOLACKiE.      The  Violet  tribe.  —  This  small   order  is  composed 
chiefly  of  the  numerous  species  of  the 
genus  Violaj  to  which  the  Sweet-scented 

Violet  and  the  F.  tricolory  which  has 
recently  acquired  much  celebrity  as  a 
florist's  flower,  belong.  Field  Violet 
(V.  arvensis)  is  a  common  application 
in  the  case  of  cuticular  or  skin  diseases; 
and  the  roots  of  many  are  emetic.  The 
other  plants  related  to  thb  genus  are 
unimportant 

184.  Crugiferje.  The  Cruciferous 
tribe. — This  is  one  of  the  most  nume- 
rous and  distinct  families  of  the  vegeta- 
ble kingdom.  It  is  wholly  included  in 
the  Linnsean  class  Tetradynamia,  hav- 
ing six  stamens,  four  lon^  and  two  short. 
The  petals  are  four,  with  a  cruciate  ar- 
rangement, and  the  fruit  is  either  a  pod 
(siliaue),  or  a  pouch  (silicle).  All  parts 
of  tnese  plants  secrete  a  stimulating, 
sulphurous,  volatile  oil;  and  their  seeds 
are  especially  oleaginous.  Some  of  the  m, 
as  the  Horse-radish  and  Mustard,  are  ^yg.  Papaver  somnifcrum. 
very  hot  and  acrid ;  their  acridity,  when  ^  ^^^^^^^  ^^  p  officinale.  2.  Do.  of 
dispersed  by  cultivation,  renders  them  p,  eomniferum.  8,  4.  Seeds, 
nutritious   and   succulent.      The   Cab- 

har/ej  Cauliflovoer,  Brocoli,  Sea-kale,  Turnip,  Radish,  &Q.,  are  examples. 
The  Woad  (Isatis  tinctoria)  is  employed  in  the  preparation  of  a  dye  stuff, 
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similar  to  indigo.  With  this  plant  it  is  sappoaed  thai  the  aadent  Britoos 
stained  their  naked  bodies -7- j9k>  haUibw  terribilioret  ecfen^  as  Caaaar 
relates. 

185.  Papavebaoks.  The  Poppy  tribe. — The  most  important  plant  of 
this  family  is  the  common  Poppy  (Papaver  somnifenun,  fig.  172),  which 
yields  a  juice  that,  when  inspissated  and  dried,  becomes  opium.     For  this 

?urpo6e  the  plant  is  widely  cultivated  in  Turkey  and  in  the  East  Indies, 
'he  juice  of  the  Poppy  is  narcotic  and  poisonous;  it  is  used  by  the  Orien- 
tals as  an  intoxicating  medium,  and  has  injurious  consequences.  Opium  is 
a  mixture  of  caoutchouc,  resin,  and  several  vegetable  aoids  and  bases,  of 
which  morphine  (Chem.  §  148)  is  the  most  important. 


^^:. 


1 
^ 


The  Field  Pi 
corn-fields,  and 
tions. 


178.  Helleborufl  niger. 

and  two  or  three  kindred  species  grow  commonly  in  our 
ndine  by  the  road-sideS|  lanes,  &o.,  mostly  near  habiu- 
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186.  Nymph^acejb.  The  Water-lily  tribe, — We  mention  the  White 
Water-lily  as  the  ornament  of  our  lakes,  ponds,  and  stagnant  waters,  and  as 
nearly  related  to  the  celebrated  Lotu^  of  the  river  Nile,  the  seeds  and  roots 
of  which  are  eatable^  and  the 
same  flower  is  often  adopted  as 
the  memorial  or  symbol  of  the 
riches  and  fertility  of  Egypt. 
The  most  magnificent  of  all 
plants  whatever  is,  perhaps,  the 
Guiana  Water-lily  (Victoria 
regia),  with  its  white  and  rosy 
blossoms,  and  its  leaves,  which 
are  4  feet  in  diameter  and  15 
feet  in  circumference. 

187.  RANUNCULACEiE.  The 
Crowfoot  tribe, — ^The  numerous 
plants  of  this  order  belong 
mostly  to  the  class  Polyandria. 
They  are  all  more  or  less  acrid, 
and  some  are  poisonous. 

The  most  remarkable  and 
common  plants  of  the  order  are 
the  Butter-cupSj  King-cupi,  &c., 
the  bUick  (fig.  173)  and  green 
Hellebores^  the  JSepatica,  an 
early  flowering  plant,  and  the 
Eranthisj  which  appears  with 
the  Snow-drop  /  the  Anemonej 
which  blossoms  in  all  seasons, 
the  Aconite,  or  Wclf^^^ne 
(fig.  174),  i^e ,  Larkspur y  the 
Columbinej  the  Nigdlaj  or 
Jack  -  in  -the-  Green,  and  the 
goTrge&us  Peony.  The  many  eminently  beautiful  species  of  Clemathj  most 
of  them  climbing  plants,  belong  also  to  this  order. 


Aconitam  napellas. 


CONCLUSION. 


The  Vegetable  Kingdom  is  divided  into  about  300  families,  of  which,  in 
toe  foregoing  outline,  we  have  enumerated  and  partly  described  69.  There 
are  many  of  the  unnoticed  orders,  however,  of  no  less  botanical  interest  than 
those  families  which  we  have  selected  as  illustrative  of  our  subject.  We 
have,  however,  preferred  such  plants  as  are  either  well  known  and  most 
readily  procurable,  or  such  as  are  best  adapted  for  tiie  exemplification  of  the 
science.  Others  are  important  on  account  of  their  relation  to  mankind,  and 
consequently  merited  special  notice.  Sometimes  a  section  of  an  order  has 
been  quoted,  in  order  that  a  particularly  important  nlant  might  be  intro- 
33 
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duced  to  the  reader's  notice,  when  it  was  inexpedient  to  notice  the  order  at 
large. 

Our  limited  space,  and  the  elementary  objects  of  the  work  itself,  pre- 
cluded all  reference  to  changes  of  nomenclature  and  natural  sequences  of  the 
orders  in  the  systematic  arrangement.  These  and  all  other  exdusiTelj 
botanical  details,  necessary  for  such  as  desire  to  be  more  profoundly  ac- 
quainted with  the  science,  can  be  obta^ed  by  consulting  the  works  we  haTO 
recommended  at  page  479.  .  r  /  ^ 


Jara  JJpas,  or  Poison-Tree. 


-/  - 


/     . 


1.  Zoology  is  that  branch  of  natural  scienoe  which  treats  of  those  ter- 
restrial beings  or  objects  which  are  endowed  with  the  capability  of  self- 
nourishment,  of  sensation,  and  of  external  spontaneous  movement.  Such 
objects  are  named  animals,  and  the  science  which  describes  their  organisa- 
tion, &c.,  is  called  2^logy. 

Animals  are  beings  furnished  with  distinct  and  different  parts,  limbs,  or 
membera,  vis.,  with  every  appurtenance  requisite  for  the  fulfilment  of  the 
object  of  their  creation,  as  well  as  for  their  own  individual  preservation  and 
reproduction ;  and  of  these  they  cannot  be  deprived  without  prejudice  to 
their  symmetry,  health,  or  even  to  their  existence.  In  this  they  are  distin- 
guished from  plants,  most  of  which  can  be  pruned  or  lopped  without  injury, 
many  with  advantage  to  their  health  and  beauty.  In  our  section  on  Botany, 
we  have  already  described  these  dissimilar  parts  as  organs,  and  have  shown 
that  they  do  not  exist  in  the  mineral  kingdom. 

Animals  are  endowed  with  the  power  of  motion,  which  is  effected  by 
changing  the  position  of  their  motive  organs,  and  this  they  do  spontaneously, 
and  independent  of  those  accidental,  external  iuflucnces,  which  produce 
motion  in  certain  plants,  as  in  the  Sensitive  Plants  Mimosa  pudica,  Hedy- 
sarum  gyrans,  &c.,  which,  on  the  slightest  touch,  fold  up  their  leaflets  and 
suffer  their  branches  to  droop  down  b}'  their  sides,  as  if  really  actuated  by 
a  voluntary  impulse.  With  the  exception  of  this  and  similar  motions 
already  noticed,  plants  are  endowed  only  with  an  inward  movement  of  their 
fluids,  viz.,  the  ascent  and  descent  of  the  sap.     - 

2.  A  further  and  more  important  distinguishing  characteristic  of  the  ani- 
mal is  its  faculty  of  sensation.    It  has  been  already  shown  that  every  animal 

(515) 


616  ZOOLOGY. 

is  excited  by  a  natural  impnlse  to  plaee  itself  in  the  most  favourable  circum- 
stances for  fulfilling  the  end  and  conditions  of  its  being.  Besides  this, 
every  external  interference  injurious  to  its  life  or  comfort  is  speedily  and 
keenly  felt,  and  often  avoided  or  resisted.  The  animal,  unlike  the  plant, 
does  not  receive  all  kinds  of  treatment  with  patient  endurance,  but  always 
seeks  the  means  either  of  escape  or  of  resistance,  and  sometimes,  indeed,  of 
retaliation. 

The  percipient  capacity  of  animals  is  also  susceptible  of  considerable 
enlargement  by  domestication  or  intercourse  with  the  human  race.  It  is 
well  known  that  their  susceptibility  and  perceptibility  can  be  improved  so 
fistr  that  they  are  able  to  comprehend  precisely  the  motions,  the  tone,  and 
even  the  looks  of  their  owners,  and  readily  comport  themselves  accordingly. 

The  capability  of  any  animal  of  assuming  a  deportment  oorrespondiog  to 
external  relations  and  circumstances  we  designate  by  the  term  willy  and 
hence  the  movements  of  animals  are  said  to  be  voluntary  or  spontaneom. 

3.  The  relative  perfection  of  an  animal  is  in  proportion  to  the  number 
and  development  of  its  organs.  There  are  animals  whose  whole  body  con- 
sists of  one  single  organ,  and  these,  consequently,  bear  the  strongest  analogy 
to  the  plant-cell ;  others,  on  the  contrary,  are  composed  of  a  great  number 
of  very  distinct,  dissimilar  organs. 

Hence  a  knowledge  of  all  the  animal  organs  is  necessary  for  the  under- 
standing of  their  individual  organisation ;  and  as  in  the  human  body  the 
combination  and  development  of  the  individual  organs  are  the  most  com- 
plete, an  acquaintance  with  human  anatomy  will  materially  assist  the  student 
of  animal  organography  in  general,  by  affording  him  a  standard  with  which 
he  may  compare  the  structure  and  functions  of  analogous  parts  in  animals 
of  an  inferior  grade. 

The  proxipiity  of  our  own  bodies,  and  our  familiarity  with  their  external 
organisation,  but,  above  all,  our  more  intimate  acquaintance  with  the  inter- 
nal springs  of  all  our  activities,  supply  the  means  of  acquiring,  with  greater 
facility  and  precision,  a  more  correct  comprehension  of  the  animal  economy 
than  can  possibly  be  obtained  by  studying  the  structure  of  animals  in  gen- 
eral. Therefore,  we  commence  with  the  study  of  the  anatomy  and  physi- 
ology of  the  human  body;  and  in  our  comparison  of  tho  same  with  the 
structure  of  the  bodies  of  inferior  animals,  we  advance  from  a  knowledge 
of  the  known  to  the  unknown. 

4.  The  entire  province  of  Zoology  forms  two  principal  divisions.  The  first 
treats  of  animal  organs  and  their  functions ;  the  second  treats  of  the  internal 
and  external  characteristics  of  animals,  their  nomenclature  and  description. 

I.  ORGANS  AND  THEIR  FUNCTIONS. 

ANATOMY  AND  PHYSIOLeGY. 

5.  The  different  parts  of  the  human  body  are  obviously  diverse  in  /arm 
and  mhstance,  in  ntuatum^  and  in  functional  purp09es.  In  reference  to  form 
and  material,  we  evidently  perceive  that  the  body  consists  partly  of  fluid  and 
partly  of  solid  substances.  The  fluids  are  either  absorbed  or  are  surrounded 
by  the  solid  parts,  and  receive  different  names,  corresponding  to  their  pro- 
perUeSi  as  will  be  shown  hereafter. 
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The  solid  portions  of  the  animal  body  are  in  general  distinguished  by  the 
term  tissue,  although,  in  most  cases,  they  do  not  possess  even  a  remote  simi- 
larity to  nvbat  is  generally  understood  by  thb  term. 

6.  In  the  investigation  of  the  internal  structure  of  plants,  the  microscope 
shows  us  that  their  internal  organisation  originates  in  modifications  and 
alterations  of  the  simple  cell,  and  that  all  their  simple  organs  are  referable 
to  this  type.  A  similar  analogy  is  not  prevalent  in  the  animal  body;  on 
the  contrary,  microscopic  analysis  proves  that  animal  tissues  are  composed 
of  at  least  four  dificrent  primary  forms,  which  are  apparent  whether  they 
be  viewed  individually  or  collectively,  and  between  which  there  is  no  transi- 
tion-etate  perceptible,  as  is  the  case  in  the  modifications  of  the  cellular  into 
the  vascular  tissue  in  plants  (Botany,  §  12).  This  greater  multifariousness 
of  primary  forms  is  proof  of  the  higher  development  of  animals. 

The  cellular  tUgue,  more  properly  spongy  parenchymatous  matter,  mils' 
cularfibrey  nervous  fibre^  and  the  osseous  system,  or  bony  tissues,  are  gene- 
rally distinguished  as  the  elementary  forms  and  constituents  of  the  more 
highly  developed  animal  body. 

7.  Thus  one  part  of  the  animal  body  is  cellular,  consisting  of  perfectly- 
enclosed  microscopic  vesicles,  containing  various  kinds  of  fluids.  These  cells 
are  present  in  the  cuticle  or  epidermis,  and  in  the  finer  pellicle  composing 
the  mucous  membrane ;  and  their  walls  are  formed  of  horny  or  cuticular 
substance.  We  may  r^rd  the  isX  as  an  aggregation  of  albuminous  cells> 
which  are  filled  with  an  oleaginous  substance.  When  these  cells  contain 
eoloured  particles,  they  form  the  pigmentary  matter  upon  which  the  different 
coloured  skins  of  animals  depend. 

Cellular  tissue  is  also  found  among  dissimilar  masses  of  different  tissues^ 
as  in  the  gristly  or  cartilaginous  parts  of  many  bones,  &c. 

Another  series  of  tissues  consists  of  very  fine  cylindrical  filaments,  or 
fibres,  which  are  found  in  the  mucous  membranes,  and  the  capsular  liga- 
ments of  joints,  &c. 

8.  The  muscles,  or  flesh,  of  aninuds,  consist  of  flattish  threads,  or  fibres, 
which  are  divided  into  two  classes.  The  first  class  is  distinguished  by 
transverse  lines,  or  striae,  upon  the  surface ;  the  other  by  roundish  or  elon- 
gated formations,  called  nuclei.  The  former  are  found  in  the  red  muscles 
of  the  trunk,  limbs,  and  heart;  the  latter  in  the  bladder  and  in  the  mem- 
branous investments  of  the  alimentary  canal. 

9.  The  nerves  and  the  whitish  substance  forming  the,  brain  and  the  spinal 
chord,  contain  another  kind  of  tissue  or  fibre,  within  which  an  oily  matter 
is  enclosed  in  a  homogenous,  pellucid  membrane.  Cellular  forms  of  a  pecu- 
liar kind,  called  ganglia^  or  ganglionic  centres,  appear  in  the  gray-coloured 
mass  of  the  nervous  system. 

10.  The  hones  of  animals  consist  of  a  laminated  substance,  in  which  the 
spindle-shaped,  osseous  particles  are  imbedded.  A  number  of  reticulated 
passages,  traversing  the  bone,  and  filled  with  marrow,  are  alwajrs  present. 
The  smadlest  portion  of  the  dental  mass,  viz.,  the  root,  or  fang,  of  the  tooth, 
exhibits  the  same  structure  as  the  other  bones.  The  interior  solid  matter 
of  the  tooth  consists  of  a  uniform  or  fibrous  mass,  penetrated  by  a  system 
of  microscopic  tubes  or  channels,  called  the  dental  channels.  The  enamel 
of  the  tooth  consists  of  a  very  dense  coating  of  prismatic  fibres,  arranged  in 
a  closely-compacted  form. 
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11.  The  local  rdaiion  of  organs  in  the  body  is,  for  the  sake  of  conve- 
nienoe  in  describing  and  olassifjing  them,  distinguished  by  the  following 
terms,  viz.,  external  and  internal,  superior,  inferior,  anterior,  posterior,  &c. 

By  superior  and  inferior  we  signify  higher  or  lower  in  respect  to  the 
tummit  of  the  head;  by  anterior  and  posterior  we  denote  the  situation  of 
the  parts  as  nearer  to  the  fore  or  hinder  surface  of  the  body.  Inner  and 
outer^  the  relation  of  any  given  part  to  an  assumed  line  bisecting  the  body 
into  lateral  halves,  passing  through  the  middle  of  the  head  and  trunk,  and 
continued  between  the  inferior  extremities ;  inner  denotes  an  approach  to 
outer  a  removal  from,  this  median  line.  External  and  internal  are  gene- 
rally used  in  describing  cavities. 

The  great  framework  of  the  body  is  called  the  trunk;  and,  besides  the 
neck  and  head,  four  members  or  limbs  proceed  from  its  extremities. 

The  liead  is  distinguished  from  the  trunk  as  being  the  superior  part  of 
man  and  the  anterior  in  the  beast  In  the  animal  kingdom,  we  observe 
striking  diversities  in  the  number  of  limbs,  sometimes  these  being  very 
numerous,  and  frequently  altogether  absent. 

In  the  trunk,  we  distinguish  the  upper  part  as  the  thorax,  and  the  lower 
part  as  the  abdomen.  Both  these  cavities,  containing  certain  organs  known 
by  the  name  of  viscera^  are  so  completely  filled  as  to  leave  no  empty  space. 

The  thorax  is  separated  from  the  abdomen  by  a  strong  muscle  called  the 
diaphragm;  in  the  former  are  placed  the  lungs,  with  air-cells,  and  the  heart, 
with  the  principal  arteries;  in  the  latter  are  the  alimentary  or  digestive 
organs,  vii.,  the  stomach,  with  the  intestines,  the  liver,  the  ^Uen,  the  kid' 
neys,  and  the  bladder, 

12.  The  organs  are  classified  neither  by  their  form  nor  by  their  position 
in  the  body,  but  solely  by  their  functions ;  consequently  they  are  divisible 
into  organs  of  moHon^  organs  of  nutrition  or  digestion,  and  organs  of  sen- 
sation. 

Inasmuch  as  many  organs  of  different  kinds  co-operate  in  the  performance 
of  a  common  function,  and  are  hence  to  be  treated  as  mutually  dependent 
upon  each  other,  they  are,  therefore  called  a  system;  for  example,  we 
employ  the  terms  osseous  system,  alimentary  system,  circulatory  system, 
generative  system,  &o. 

1.  ORGANS  OF  MOTION. 

18.  The  organs  destined  for  movement  are  —  Ist,  the  bones;  2nd,  the 
muscles ;  3rd,  the  nerves.  These  different  systems  are  never  isolated,  but 
always  in  mutual  combination  and  reciprocal  operation.  They  form  the 
motive  system,  which  is  not  found  in  plants. 

1.  THE  BONES. 

14.  The  bones  constitute  the  only  truly  solid  portions  of  the  body,  being 
the  basis  of  the  muscular  and  tegumentary  systems,  affording  the  means  of 
attachment  to  the  softer  parts,  and  by  their  solidity  maintaining  those  defi- 
nite and  distinct  forms  which  distinguish  the  higher  classes  of  animals. 
The  bones  also  serve  to  protect  the  most  delicate  and  sensitive  of  our  bodily 
organs,  forming,  as  it  wore,  a  case  for  the  brain,  a  cavity  for  the  heart  and 
lungs,  and  a  canal  for  the  spinal  cord. 
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The  skeleton  of  an  animal  is  an  anatomical  preparation  of  all  the  bones 
which  constituted  its  framework ;  and  as  every  part  external  to  the  bones  is 
only  to  be  regarded  as  a  filling^np  or  rounding-off  the  cavities  and  sharp 
outlines  of  the  osseous  structure,  this  latter  is  considered,  both  on  account 
of  its  durability  and  as  affording  the  most  permanent  characteristics,  to  be 
the  first  and  most  important  branch  of  anatomy.  It  is  only  by  studying 
the  internal  structure  of  animals  that  we  obtain  any  real  acquaintance  with 
their  nature  and  economy,  just  as  we  judge  of  the  stability  of  a  roof  by  its 
interior  construction,  raUier  than  by  the  material  or  form  of  its  exterior 
covering. 

15.  The  bones  are  composed  of  layers  of  animal  tissue,  in  which  phos- 
phate and  carbonate  of  lime  are  deposited  (Chem.  §  50).  In  100  lbs.  of 
firesh  bones  there  are  38  lbs  of  tissue,  which  may  be  extracted  as  glue  or 
gelatin  by  boiling.  The  rest  consists  of  58  lbs.  of  phosphate  of  lime  and 
9  lbs.  of  carbonate  of  lime.  The  bones  of  cartilaginous  fishes,  and  also 
certain  parts  of  bones  generally,  contain  less  lime  and  frequently  no  trace 
of  this  material.  Such  bones,  or  parts  of  bones,  are  consequently  soft,  and 
are  named  cartilage^  or  gristle.  The  hardest  of  all  the  osseous  fi>rmations, 
vis.,  the  teeth,  are  very  rich  in  lime. 

The  employment  of  bones  in  the  preparation  of  glue,  bone-black,  phos- 
phorus, &€.,  has  been  already  explained  in  Chem.  §§  44, 155,  and  in  Botany, 
§97. 

The  entire  osseous  system  is  divided  into  bones  of  the  trunk^  bones  of  the 
limbs,  and  bones  of  the  head  (see  fig.  8,  p.  520). 

a.  Bones  07  thb  Trunk. 

16.  The  most  important  part  of  the  trunk  is  the  vertebral  coJumrif  which 
is  composed  of  a  series  of  small  bones,  called  vertebroBy  amounting  in  the 
human  skeleton  to  88 ;  vis.,  7  cervical  (vertebrae  of  the  neck),  12  donal 
(vertebrae  of  the  back),  5  lumbar  (vertebrae  of  the  loins),  5  sacral,  which 
subsequently  unite  to  form  the  sacrum,  4  coccygidly  which  are  also  united 
in  the  adult. 

The  spine,  or  vertebral  column,  consisting  of  the  above-mentioned  bones, 
is  situated  in  the  direction  of  the  axial  line  of  the  body.  The  distinct  bones 
of  this  organ  are  all  more  or  less  firmly  jointed  together,  hence  the  spine 
is  flexible,  a  property  it  could  not  possess  if  composed  of  but 
one  bone.  The  individual  vertebrae  have  an  articulating  sur- 
face, a,  fig.  2,  where  they  come  in  contact  with  each  other, 
and  behind  this  the  spinous  process  5,  and  the  transverse  pro- 
cesses c;  and  in  the  centre  of  each  vertebrae,  where  these 
spinous  processes  root,  is  the  opening  or  spinal  canal,  by  which 
the  nervous  chord  is  enclosed,  protected,  and  conveyed  along 
the  spine. 

Many  animals  have  fewer  vertebral  bones  than  man,  and  vice  versa.  Ser- 
pents have  150,  and  some  even  a  larger  number  than  this. 

17.  The  ribs  are  attached  in  pairs  to  the  bodies  and  transverse  processes 
of  the  twelve  dorsal  vertebrae ;  consequently  there  are  twenty-four  ribs  in 
the  human  skeleton.  The  seven  upper  pairs  are  longer,  and  are  named  the 
true  or  pectoral  ribs,  which  unite  the  vertebral  column  with  the  sternum ; 
the  five  lower  pairs  ibre  shorter,  and  hence  named  the  short  ribs. 
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The  ribs,  as  above  mentioned,  are  united  anf^riorlj  with  a  long  flat  bone, 
called  the  breast-bone  (sternum),  and  thus  the  system  of  ike  thorax,  or 
chest,  is  completely  enclosed. 

b.  Bones  of  the  Limbs. 

18.  The  limbs  are  always  arranged  in  pairs,  and  each  indiyidual  limb  of 
the  pair  in  every  respect  exactly  corresponds  to  the  other.  They  are  divided 
into  superior  and  inferior  in  men,  whose  posture  is  erect,  and  into  anterior 
and  posterior  in  animals,  whose  posture  is  horizontal. 

The  bones  of  the  upper  limbs  are — 

The  scapula,  or  blade-bone,  which  is  a  large  triangular  flat  bone  of  con- 
aderable  breadth  lying  on  the  back,  and  forming  the  posterior  part  of  the 
shoulder,  attached  by  an  articular  surface  to  the  davicle  (collar-bone),  which 
connects  the  blade-bone  with  the  sternum,  and  with  whicn  it  is  united. 

The  scapula  is  attached  to  the  humerus  (upper  arm-bone),  by  .a  Iball  and 
socket-joint  (a  concave  articulating  sur&ce,  fitted  for  the  reception  of  the 
convex  head  of  the  humerus). 

The  fore-arm  is  formed  of  two  bones ;  the  one  situated  in  the  direction  of 
the  Uiumb,  viz.,  the  anterior  or  outer  bone,  is  named  radius,  and  the  other, 
in  the  direction  of  the  little  finger,  viz.,  the  posterior  or  inner  bone,  ulna. 

The  hand  is  composed  of  three  parts,  viz.,  the  wrist  (carpus),  the  hand 
(metacarpus),  and  ike  fingers  (phalanges). 

The  wrist  is  formed  of  eieht  small  cube-shaped  bones,  arranged  closely 
together  in  two  series.  By  these  little  bones  the  hand  is  capable  of  bearing 
a  great  strain,  and  of  moving  with  ease  and  celerity.  These  carpal  bones 
resist,  with  comparatively  litde  injury,  violent  and  sudden  collision ;  for  ex- 
ample, the  injurious  effects  of  a  fall  are  much  lessened  by  falling  on  the  hands. 

The  hand  is  composed  of  five  tolerably  long  and  equal  bones. 

The  ^n^er»  have  three  bones,  riz.,  one  for  each  joint,  and  the  thumb  two. 

On  the  whole,  there  are  in  both  arms,  with  the  hands,  sixty-four  indi- 
vidual or  distinct  bones. 

19.  The  bones  of  the  lower  or  inferior  limbs  have  in  number,  form,  and 
situation,  a  great  analogy  to  those  of  the  superior  limbs.  The  pelvis,  a 
large,  somewhat  basin-shaped  bone,  united  with  the  lower  vertebral  bone 
(08  sacrum),  forms  the  upper  portion  of  the  lower  limbs. 

The  pelvis  is  composed  of  three  separate  bones,  which  have  united,  viz., 
tiie  hip-bone  (os  ilii),  Ae  sitting-bone  (os  ischii),  and  the  anterior-bone  (os 
pubis),  which  corresponds  to  the  collar-Done. 

At  the  connective  point  of  these  three  bones  there  is  a  deep  concave 
articulating  surface,  into  which  the  head  of  the  thigh-bone  is  inserted,  which 
is  the  longest  bone  of  the  human  body.  At  the  lower  end  of  the  thigh- 
bone there  lies,  in  front  of  the  knee-joint,  anteriorly,  a  small,  flat,  triangular 
bone,  called  the  knee<ap,  or  patella.  The  upper  end  of  the  tibia  is  articu- 
lated by  the  knee-joint  with  the  lower  end  of  the  femur;  the  fibula  is  joined 
to  the  tibia  only,  and  has  no  connection  with  the  femur,  but  assists  at  its 
lower  end  in  forming  the  ankle-joint. 

The  foot  is  composed  of  seven  bones ;  the  centre  bone  (astragalus)  is  arti- 
culated to  the  lower  end  of  the  tibia,  and  behind  and  beneath  this  is  situated 
the  bone  of  the  heel  (os  calcis),  in  front  of  which  one  single  navicular  bone 
and  four  other  tarsal  bones  are  arranged. 
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The  meiatartcd  boM$  and  the  hones  of  the  ioe$f  in  nunber  and  AtulioD, 
corrcspoDd  with  the  bones  oi  the  hand. 

Since  the  pelvis  is  a  nnion  of  three  bones,  the  osseous  mtem  of  the  lower 
members  consists  in  the  whole  of  only  sixty-one  separate  bones. 

c.  60NS8  or  THE  Head. 

20.  The  bones  of  the  head  are  more  complicated,  on  acooont  of  the  irr&> 
ffalarities  in  their  shape  and  arrangements.  They  originally  consist  of  a 
large  number,  but  after  a  certain  period  in  the  life  of  the  individual  maoy 
of  them  become  connected  together. 

These  bones  are  divided  into  those  of  the  head  and  face :  the  first  are  the 
cranial  bones,  the  latter  the  facial  or  maxillary  bones.  In  the  human  sab* 
ject  the  cranium  is  the  upper,  and  the  jaws  or  maxilte  are  the  lower  pari 
of  the  system. 

21.  The  hratn-case  posteriorly  is  formed  by  the  occiput,  which  rests  on 
the  first  bone  of  the  vertebral  column ;  it  is  provided  with  a  protuberanoe, 
and,  in  many  animals  with  a  crest.  In  this  bone  is  the  aperture  (foramen) 
which  affonis  a  passage  for  the  spinal  chord,  which  here  passes  out  of  the 
cavity  of  the  skull.  To  the  skull  also  belong  the  /ronial,  parietal^  and 
tenworal  bones^  united  by  suture,  and  enclosing  the  brain. 

The  following  bones  are  united  to  the  above-mentioned,  and  contribute  to 
the  structure  of  the  internal  part  of  the  head,  viz.,  the  gphenoid,  with  its 
winged  processes,  the  ethmoid^  the  vomer,  the  lachrymal,  and  the  natal 
bones,  which  form  the  foundation  of  the  nose. 

22.  In  man  the  jaws  form  the  lower  part  of  the  head,  in  other  animals, 
the  forepart  of  the  same.  They  are  divided  into  the  upper  and  under  jaw, 
or  maxillary  bones.  The  superior  maxillary  hone,  or  upper  jaw,  is  composed 
of  three  parts,  which  are  united,  viz.,  the  anterior  portion,  which  has  two 
incisor  teeth,  and  the  two  processes  with  which  it  coheres,  and  which  haie 
one  canine  tooth  and  five  other  teeth  each.  The  upper  jaw  is  formed  by  the 
two  superior  maxillary  bones,  united  in  the  centre  by  suture. 

The  under  or  lower  jaw  in  the  human  subject  is  formed  of  one  piece,  con- 
nected by  a  joint  to  the  temporal  bone  beneath  each  ear.  In  birds,  fishes, 
and  reptiles,  this  bone  is  not  jdnted,  but  joined  to  the  temporal  bone.  In 
insects  the  lower  jaw  and  temporal  bones  are  quite  separate,  and  act  like  a 
pair  of  tongs. 

23.  The  teeth  are  placed  in  hollow  cavities  of  the  jaws,  which  they  ex* 
actly  fit.  Their  number  is  thirty-two,  being  sixteen  in  each  jaw.  These 
dental  or^ns  are  divided  into  four  sorts,  viz.,  two  incisors,  one  canine  tooth, 
two  anterior  and  three  posterior  molar  or  grinding  teeth  on  each  side. 

The  upper  and  free  portion  of  the  tooth  is  called  the  crovm,  the  undtf 
parts  are  the  neck  and  the  roots.  The  front  teeth  have  a  simple,  the  bade 
teeth  a  two-,  three-,  or  four-fiinged  root. 

The  substance  of  the  teeth  is  harder  than  that  of  the  rest  of  the  bones, 
and  the  exterior  part,  or  enamel,  is  the  hardest  In  many  animals  of  the 
herbivorous  famines  this  forms  only  a  thin  layer  over  the  softer  part  of  the 
tooth,  and  is  pretty  rapidly  worn  away.  The  enamel  of  the  molar  or  griod- 
inff  teeth  of  many  quadrupeds  is  very  durable,  being  indigitated  into  the 
substance  of  the  tooth,  or  imbedded  in  a  cement,  not  found  in  simpler  forms 
of  these  organs. 
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Every  toolh  at  the  lower  extremity  of  the  root  is  foniidbed  with  a  small 
openings  through  which  a  blood-Tessel  and  a  nenre  pass,  supplying  nutriment 
and  sensibility  to  the  tooth. 

The  perfect  development  of  the  teeth  is  only  accomplished  at  a  compara- 
tively late  period  in  the  life  of  the  animal ;  in  some  not  till  mature  age. 
The  first  teeth  &11  out  between  the  sixth  and  tenth  year,  and  are  changed ; 
but  if  the  second  teeth  are  lost,  they  are  never  replaced. 

All  animals  do  not  possess  the  above-named  sorts  of  teeth,  for  example 
many  want  the  molars  or  grinders.  The  canine  teeth  are  often  enormously 
enlarged,  and  in  this  condition  are  named  the  &ngs  or  tusks.  Teeth  form 
the  most  important  marks  whereby  the  higher  orders  of  the  mammals  are 
distinguished,  indicating  with  certainty  both  the  natural  economy  of  the 
animtJ,  and  also  its  age,  size,  and  other  particulars. 

24.  The  total  number  of  bones  in  the  skeleton  of  man,  exclusive  of  the 
teeth,  is  207.  The  number  is  greater  in  the  undeveloped  infant,  whose 
skeleton  is  partly  composed  of  cartilage,  which  is  ossified  only  at  a  subse* 
quent  period  of  its  life.  The  dry  skeleton  of  an  adult,  freed  from  faity  and 
other  matters,  weighs  from  9  lbs.  to  12  lbs.,  and,  consequently,  constitutes 
from  l-16th  to  1-17 th  of  the  entire  weight  of  the  body,  which  at  an  average 
is  about  137  Ibsf 

25.  Only  in  the  more  highly-developed  forms  of  animal  life  do  we  find 
bones  or  cartilage  enclosing  a  brain  and  spinal  chord,  hence  the  presence  of 
a  vertebral  column  is  a  distinguishing  characteristic ;  and  by  the  presence  or 
absence  of  this  organ  the  whole  animal  kingdom  is  divided  into  two  principal 
eroups,  viz.,  the  vertebrata  and  invertebrata — the  vertebrate  and  the  inverte- 
brate animals ;  to  the  first  belong  the  mammal  (mammalia),  birds  (aves), 
Jisheg  (pisces),  and  reptiles  (reptilia) ;  to  the  second  the  crtutaceous  animals 
(Crustacea),  insects  (insects),  toarmsy  polypi,  &c.  (annulata). 

26.  The  bones  are  covered  with  a  fine,  mostly  very  susceptible,  membrane 
called  periosteum.  Very  few  nerves  are  found  in  the  bones,  with  the  excep- 
tion of  the  teeth.  They  are,  however,  traversed  by  a  series  of  very  minute 
blood-vessels,  which  supply  them  with  nutriment.  Within  they  are  gener- 
ally less  dense  than  towards  the  surface.  Thev  are  frequently  porous,  or 
even  quite  hollow,  and  in  the  latter  case  are  filled  with  a  fatty  substance 
called  marrow. 

The  calcareous  matter  in  the  bone  increases  with  age,  and  the  marrowy 
sobstanoe  decreases,  so  that  at  a  later  period  of  life  the  bone  becomes  brittle 
and  more  easily  fractured  than  at  an  earlier  period.  The  bones  of  birds  are 
nearly  all  hollow,  whereby  great  strength  is  combined  with  the  least  possible 
weight.  The  concussion  of  the  bones  against  each  other  is  prevented  by  the 
gristly,  very  smooth,  elastic  substance  which  lines  every  part  of  the  joint, 
both  in  the  joints  adapted  for  motion,  as  the  shoulder-joint,  &o.,  and  also  in 
the  immoveable,  or  partially  moveable  joints,  as  those  connecting  the 
vertebrae ;  besides  this  cartilaginous  ligament-,  by  which  they  are  united  and 
held  in  Uieir  place,  they  are  supplied  with  an  oleaginous  substance  called 
the  synovia,  whereby  the  motions  of  the  joint  are  promoted  and  the  friction 
altogether  prevented. 

2.  THE  MUSCLES. 

27.  We  have  already  in  §  8  stated  that  the  muscles  are  composed  of  the 
union  of  very  fine  fibres,  which  possess  the  power  of  contraction,  or  of 
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shorteniog  themselves.  In  100  lbs.  by  weight  of  dried  mnsole  we  find  the 
following  chemical  sabstanoes:  54  lbs.  of  carbon,  7  lbs.  hydrogen,  21  lbs. 
oxygen,  15  lbs.  nitrogen,  with  minute  quantities  of  sulphur,  phosphorus 
and  alkalies  (1*4  per  cent).  The  fresh  muscle  contains  77  per  cent,  of 
water.  The  muscles  of  the  higher  reptilia,  birds,  and  mammiferous  animals 
are  red,  those  of  fish  are  white.  In  the  invertebrata  the  muscles  are  only 
imperfectly  developed,  but  are  present  in  some  form  or  other  even  in  the 
lowest  of  these.  In  common  language,  the  muscular  part  of  animals  is 
called  Jiesh. 

28.  The  muscles  completely  invest  the  bones,  which,  except  the  teetb| 
are  never  visible  in  the  living  subject.  As  a  general  rule  a  muscle  is 
thickened  in  its  middle,  and  attenuated  at  each  end,  and  enclosed  in  a  pecu- 
liar membrance  which  .separates  it  from  the  other  muscles  which  are  in 
contiguity  with  it. 

The  thin  part  of  the  muscle  is  remarkably  tough.  It  has  various  names 
as  tendon,  sineWy  &c.,  and  is  always  attached  to  the  bone.  The  muscles  are 
either  covered  by  a  more  or  less  thick  layer  of  fat,  or  immediately  by  the 
skin.  In  the  muscular  system  there  are  numerous  blood  vessels  which  sup- 
ply nourishment  to  the  muscles;  there  are,  besides,  many  nerves  of  motion 
and  sensation  lodged  in  the  same  organs,  so  that  the  injury  of  a  muscle  ia 
always  attended  with  acute  pain. 

The  union  of  the  muscles  with  the  bones  is  so  arranged  that  one  muscle 
is  always  attached  between  two  bones.  For  example,  the  brachial  muscle 
is  attached  by  its  upper  end  to  the  humerus,  and  running  to  the  inner  side 
of  the  arm  towards  a  process  of  the  ulna,  or  inner  bone  of  the  fore-arm,  is 
fastened  to  it  by  its  lower  end.  When  this  muscle  is  thickened  in  the 
middle  by  its  contractile  power,  the  lower  part  of  the  arm  is  bent  upwards. 
The  length  and  power  of  the  muscles  are  very  different. 

Every  movement  is  accomplished  by  means  of  some  muscle  whose  function 
.  it  is  to  produce  this  motion,  and  sometimes  several  muscles  contribute  to  the 
production  of  one  motion.  Hence  the  dividing  of  a  muscle  either  perfectly 
arrests  motion,  or  weakens  it,  or  changes  its  direction.  If,  by  the  action  d 
a  muscle,  any  limb  or  part  of  the  body  has  its  position  changed,  the  same 
muscle  cannot  restore  it  to  its  former  position  \  but,  for  this  purpose,  there 
is  a  second  muscle  present,  which  acts  in  exactly  the  opposite  direction. 
Hence  the  muscles  are  divided  into  flexor  or  bending,  and  extensor  or 
extending  muscles.  The  former  pass  down  in  front  of  the  joint,  the  latter 
behind  it. 

29.  From  what  has  been  advanced,  it  is  evident  that  the  number  of  the 
muscles  is  considerable,  and  also  that  they  are  arranged  in  pairs.  The 
number  of  pairs  of  muscles  in  the  human  body  is  about  238.  The  number- 
ing and  describing  the  muscles  belong  to  anatomy,  and  form  a  special  branch 
of  that  science  which  is  termed  Myology. 

The  expanded  muscle,  provided  for  the  movement  of  the  skin  in  animals, 
is  one  of  peculiar  structure  and  mechanical  interest.  In  many  animals,  as 
the  hedge-hog  and  the  porcupine  for  example,  the  muscular  arrangement  for 
raising  the  spines  or  quills  is  very  powerful,  and  invests  the  greater  part  of 
the  body.  We  have  an  example  of  this  organ  in  the  human  subject^  i,  e. 
in  that  muscle  by  which  the  skin  of  the  h^  is  moveable. 
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^      U  t>  ^'  8.  NERVES. 

80.  The  matter  of  which  the  Derves  are  composed,  as  already  stated  in 
§  9,  is  very  peculiar,  hoth  io  form  and  composition.  It  has  the  appearance  of 
a  white,  caseoas,  marrowy  substance.  In  several  parts  it  is  present  in  large 
masses,  and  there  it  is  surrounded  by  a  gray  substance ;  in  other  parts  it 
assumes  the  form  of  threads  or  chords,  which  are  mostly  reticulated. 

Under  the  microscope  a  mass  of  nerves  presents  the  appearance  of  a  gray 
and  white  fatty  or  albuminous  substance.  One  hundred  parts  by  weight  con- 
tain 66  parts  of  carbon,  10  of  hydrogen,  19  of  oxygen,  2  of  nitrogen,  and 
0-9  parts  of  phosphorus.  This  nervous  substance  is  distinguished  from  all 
other  corporeal  substances  by  the  large  proportion  of  phosphorus  which  it 
contains. 

31.  The  brain  constitutes  the  great  nervous  mass,  which  is  enclosed  on 
all  sides  by  the  very  solid  bones  of  the  skull  (cranium),  and  immediately 
below  this  it  is  further  protected  by  the  hard  brainrmembrane  (dura  mater). 
Its  form  is  hemispherical,  and  its  magnitude  is  nearly  that  of  the  upper  part 
of  the  head :  it  is  divided  into  two  halves  by  a  deep  section.  The  surface 
is  very  unequal,  occasioned  by  the  irregularities  of  its  folds,  which  are  called 
cerebral  convoluttonSf  and  which  occasion  numerous  eminences  and  corres- 
ponding depressions.  That  portion  of  the  brain,  which  occupies  the  anterior 
and  iipper  part  of  the  skull,  is  termed  the  brain  (cerebrum),  and  is  sepa- 
rated by  a  deep  fissure  from  the  little  brain  (cerebellum),  which  is  lodged 
in  the  posterior  part  of  the  cranial  cavity.  Under  this  latter,  the  substance 
of  the  brain  is  continued  into  the  medtUla  oblongata,  which  through  the 
foramen  magnum,  formed  by  the  occipital  bone  and  its  processes,  connects 
the  spinal  chord  with  the  nervous  substance  of  tha  brain.  The  weight  of 
the  human  brain  is  about  2jk  lbs.,  and  that  of  the  whole  of  the  nerves  toge- 
ther amounts  to  3  lbs.  llie  cerebral  organ  is  nourished  by  an  arterial 
system  dispersed  all  over  it. 

32.  In  all  directions  from  the  cerebrum  and  spinal  chord  proceed  the 
nerves,  which  are  fine  white  filaments,  arranged  at  their  origin  in  bundles, 
gradually  diverging,  separating,  and  ramifying  the  further  they  proceed  from 
the  original  source  or  centre.  In  their  course  they  appear  to  receive 
branches,  and  to  unite  with  each  other  so  as  to  form  a  kind  of  net-work. 
Their  dispersion  is  so  general  that  a  slight  puncture  in  any  part  of  die  skin 
touches  a  nerve,  which  instantly  communicates  to  the  sensorium  the  sensa- 
tion of  pain.  All  parts  of  the  body  that  possess  feeling  owe  this  fiiculty 
to  the  presence  of  the  nerves. 

33.  The  nerves  are  divided  into  two  systems,  according  to  the  duties  they 
have  to  perform  in  the  animal  economy ;  firsd^  into  such  as  serve  the  pur- 
poses of  sensation  and  motion,  viz.,  nerves  of  sense  and  nerves  of  motion ; 
and,  secondly,  vital  and  nutritive  nerves.  The  first  system  originates  pos- 
teriorly in  the  brain  and  spinal  chord,  whence  they  are  diffused  over  the 
body  from  within  the  vertebral  column,  while  the  other  system  is  disposed 
anteriorly,  and  external  to  the  vertebrae,  and  these  are  appropriated  to  the 
viscera. 

a.  Nerves  op  Sensation  and  Motion. 

34.  In  enumerating  and  describing  the  nerves  the  chief  only  are  noticed. 
In  the  diagram,  fig.  3,  they  are  represented  as  cut  off  at  a  short  distanoe 
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from  their  main  souroe.  They  originate  either  in  the  braiii>  a,  or  proceed 
from  the  elongated  cerebral  process,/'^  or  from  the  spinal  marrow,/.  No 
nerve  originates  in  the  cerebellum,  e.  The  nerves,  like  the  muscles,  sre 
always  present  in  pairs. 

I         •  1  The  cerebral  nerves  consist  of  twelve  pairs,*  which 

«^,  in  fig.  3  are  indicated  by  corresponding  nnmbers. 

They  are  —  1.  The  olfactory  nerves.  2.  The  optic 
nerves.  *  3.  The  motor  nerves  of  the  eye.  4.  The 
pathetic  nerves,  for  taming  up  the  eye.  5.  The  trige- 
^  minal  nerves,  divided  into  three  bnlnches,  which  are 
'  again  subdivided  into  branches,  the  most  remarkable 
of  which  are  the  lachrymal  nerves,  the  nerves  of  the 
palate  and  teeth,  and  the  gustatory  nerves,  which 
bestow  the  sense  of  taste  upon  the  tongue.  6.  The 
abducent  nerves  to  the  outer  muscle  of  the  eye. 
7.  The  facial  nerves.     8.  The  auditory  nerves. 

The  four  remaining  nerves,  which  originate  in  the 
medulla  oblongata,  are  only  distributed  partially  in 
^  the  head,  but  send  out  branches  to  the  other  parts  of 
the  body,  viz.,  to  the  viscera,  and,  in  particular,  to  the 
stomach  and  intestines.  Many  remarkable  pheno- 
mena are  explicable  hereby;  as,  for  example,  the 
presence  of  worms  in  the  intestines  is  inferred  from 
the  ticklinff  sensation  in  the  nostrils ;  and  headache 
is  one  of  the  usual  concomitants  of  a  derangement  of 
the  digestive  organs. 

*The  spinal  nerves  amount  to  thirty  pairs,  of  which 
eight  are  cervical,  twelve  dorsal,  five  lumbai;,  and 
five  sacral,  corresponding  to  the  divisions  of  the  ve^ 
tebral  column. 

The  fifth  to  the  eighth  cervical  nerves  form  a 
ramified  system,  or  plexus,  g,  fig.  4,  in  whioh  the 
nerves  of  the  arm  originate.  The  five  lumbar  nerves 
in  like  manner,  k,  form  the  great  femoral  system  of 
nerves  from  which  the  nerves  of  the  lower  membeis 
4.  of  the  body  proceed. 

h.  Nerves  op  thb  Viscera. 

Nervous  Si/stem  of  the  Alimentary,  Respiratory,  and  Circulatory  Organs, 

35.  All  the  spinal  nerves  transmit  branches  anteriorly  from  the  vertebnl 
oolumn  to  supply  the  nervous  system  of  the  viscera.  These  are  united  into 
plexuses,  and  receive  besides  several  branches  from  the  cerebral  nerves  that 
supply  the  viscera,  viz.  the  eighth  pair.  There  are  also  two  long  nervoos 
trunks  on  the  anterior  part  of  the  vertebral  column,  extending  from  the  head 
to  the  extremity  of  the  spine,  forming  ganglia  at  regular  distances,  from 
which,  as  from  a  centre,  nerves  branch  out  to  every  part  of  the  viscera. 

*  The  arrangement  here  adopted  of  the  nerves  differs  from  that  of  the  Engliah 
anatomists,  who  make  but  nine  pairs  of  cerebral  nerves. — Ed. 
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Among  these  nervous  centres,  or  ganglia,  the  following  are  most  import- 
ant, yiz.,  the  upper  and  lower  cervicaT,  the  thoracic  or  pectoral,  the  large  and 
small  splanchnic  nerves,  the  solar  and  the  renal  plezoses. 

It  is  a  remarkable  characteristic  of  the  nerves  that  belong  to  the  nntritive 
or  digestive  system  that  they  do  not  ramify  with  countless  divarications  as 
the  nerves  of  sensation  and  motion  do,  but  that  they  all  proceed  in  different 
directions  from  ganglia,  or  nervous  centres,  and  are  again  united  in  other 
ganglia  or  plexuses,  and  in  this  manner  form  a  sort  of  reticulated  system. 

Such  nervous  centres  have  received  the  name  of  ganglia,  and  therefore 
the  whole  system  of  these  nerves  has  been  termed  the  gangliar  system. 

It  is  further  remarkable  that  these  visceral  nerves  are  the  cause  of  motions 
and  functions,  which  are  performed  independently  of  our  will :  the  respira- 
tory, the  digestive,  and  the  circulatory  processes  are  functional  operations  not 
only  performed  independently  of  us,  but  even  while  we  are  asleep  and  uncon- 
scious of  any  such  activities  being  in  operation  at  all.  Although  the 
stomach,  the  intestines,  and  the  arteries  and  veins  are  all  provided  with 
numerous  nerves,  yet  we  are  not  conscious  of  the  food  in  the  former,  nor  its 
motion  in  the  intestines,  nor  even  of  the  circulation  of  the  blood  in  Uie  arte- 
ries and  veins.  The  case,  however,  is  very  different  in  those  parts  of  the 
body  provided  with  sensitive  and  motive  nerves,  which  not  only  perform 
their  duties  as  quick  as  lightning,  but  through  their  instrumentality  we  are 
immediately  conscious  of  the  slightest  external  impressions. 

86.  The  nervous  system  is  pretty  equally  developed  in  the  mammifersB, 
birds,  reptiles,  and  fishes.  In  insects  nervous  centres  or  ganglia  are 
arranged  longitudinally  in  their  bodies,  sending 

out  lateral  nerves  (fig.  4).  Even  in  the  mollus- 
cous animals  a  nervous  system  is  perceptible.  No 
animal  is  altogether  without  a  nervous  system. 
Traces  of  nerves  are  even  discernible  in  the  gela- 
tinous polypi. 

87.  The  brain  seems  to  be  the  centre  of  sensa- 
tion, as  it  constitutes  the  chief  mass  of  the  ner- 
vous substance.  It  is,  moreover,  generally  be- 
lieved to  be  the  seat  of  intelligence,  for  every 
injury  of  the  brain  is  accompanied  by  a  corres- 
ponding injury  of  the  intellectual  activity.  By 
mere  compression  of  the  brain  of  an  animal  all 
motion  and  sensation  cease,  and  a  longer  continu- 
ance of  the  same  cause  produces  death.  Pressure 
on  one  side  of  the  brain  occasions  partial  paralysis.    * 

The  lesion  of  the  brain  is  always  dangerous,  and  especially  an  injury  of  the 
elongated  cerebral  process,  from  which  so  many  of  the  nerves  of  the  head 
originate,  and  upon  which  the  respiratory  system  depends,  so  that  a  serious 
injury  in  this  locality  is  followed  by  certain  death.  K  a  section  is  made  in 
the  place  where  this  organ  proceeds  from  the  skull,  or  above  the  first  cervical 
vertebra  (in  the  nape  of  the  neck),  the  most  gigantic  and  vigorous  body 
falls  down  a  lifeless  mass  as  if  struck  by  lightning. 

In  ancient  warfare,  when  the  wounded  elephant,  maddened  with  painy 
turned  round  and  made  a  furious  onset  on  the  ranks  of  his  owners,  his  driver 
thrust  a  sharp  poniard  or  knife  into  the  upper  part  of  his  neck,  thus  speedily 
and  effectively  disabling  the  powerful  and  destructive  animal. 
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An  injiirj  done  to  the  spinal  chord  is  nearly  eqnallj  dangerous. 

Internal  as  well  as  external  accidents  to  this  organ  are  perilous  to  life. 
An  impalse  of  blood  to  the  head  often  obstructs  the  activity  of  the  nerves, 
and  occasions  what  we  call  apoplexy.  Several  causes  produce  an  excess  of 
cerebral  excitement,  which  is  followed  by  a  subsequent  depression ;  such  as 
ardent  spirits,  opium,  strychnine,  &o.,  and,  above  all,  prussic.acid.  Giddi- 
ness, vertigo,  frenzy,  stupor,  rigidity,  and  death,  are  the  gradations  which 
manifest  the  inward  operations  of  cerebral  complaints. 

38.  The  intimate  connection  that  exists  between  our  intellectual  and  ner- 
vous life  is  evident  from  the  influence  which  purely  spiritual  impressions  are 
capable  of  exerting  upon  the  nervous  system.  Anxious  thought  produces 
headache;  very  strong  feelings  of  joy  or  grief,  or  any  other  violent  emotions, 
have  an  effect  on  the  brain  similar  to  what  is  produced  by  external  causes. 
Unconsciousness,  stupidity,  madness,  and  death,  not  unfrequently  accompany 
violent  mental  or  spiritual  excitements. 

Hence  some  have  entertained  the  idea  that  a  development  of  the  cerebral 
organ  is  always  accompanied  with  a  corresponding  development  of  the  intel- 
lectual and  moral  faculties ;  that  the  various  cerebral  folds  and  convolutions, 
prominences  and  depressions,  indicate  the  disposition  and  intelligence  of  the 
individual ;  and  inasmuch  as  the  cranial  bones  accommodate  themselves  to 
the  various  elevations  and  depressions  of  the  brain,  the  character  of  persons 
while  alive  may  thus  be  determined.  This  idea,  aided  by  the  ingenuity  of 
its  supporters,  Oall,  Spurzheim,  and  Combe,  has  become  a  sort  of  science, 
namely,  Phrenology,  which  has  excited  but  little  attention  or  respect  in 
England,  and  is  comparatively  only  lightly  esteemed  in  Germany,  where  it 
originated. 

Motion. 

89.  Movement  is  produced  by  a  peculiar  and  oombined  portion  of  the 
nerves,  muscles,  and  bones.  The  last-named  organs  contribute  to  this  ac- 
tivity by  affording  the  basis  on  which  the  muscles,  sinews,  tendons,  &o.,  are 
attached.  The  muscles  are  the  immediate  cause  of  motion,  by  means  of 
their  extensibility  and  contractility,  and  this  capability  they  possess  solely  in 
virtue  of  their  intimate  relations  with  the  nerves,  for  by  the  section  or  lesion 
of  the  latter  the  power  of  the  muscles  to  effect  movement  is  impaired  or 
destroyed;  consequently,  the  nerves  are  the  original  exciting  cause  of  motion 
in  the  human  body,  the  muscles  and  bones  merely  the  immediate  motive 
agents. 

40.  Accurate  researches  have  taught  us  that  the  different  portions  of  the 
nervous  system  contribute  very  unequally  to  the  phenomena  of  motion.  The 
following  are  the  essential  distinctions  of  these  organs : — ^The  nerves,  which 
govern  or  communicate  voluntary  motion  and  sensation,  originate  in  the 
orain  and  spinal  chord.  Some  of  these,  as  the  third,  fourth,  sixth,  seventh, 
and  eleventh  pairs  of  cerebral  nerves,  exclusively  regulate  motion,  whilst 
the  others  serve  the  purposes  both  of  motion  and  sensation;  but,  strictly 
speakinff,  this  is  incorrect  Every  bundle  of  nerves  that  proceeds  from  the 
spinal  chord  consists  of  several  threads  or  fibres,  which  do  not  anastomose, 
or  even  unite,  but  extend  directly  to  their  source.  To  some  of  these  threads 
is  appropriated  the  production  of  sensation,  to  others  that  of  motion ;  and 
although  in  the  bundles  themselves  they  are  incapable  oi  being  distinguishedy 
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jet  their  indmdtiaUty  may  be  ascertained  bj  a  oarefVd  examinalSoii  of  tiie 
bundles  in  the  source  in  which  they  originate.  All  nerves  proceeding  from 
the  spinal  chord  originate  in  two  roots ;  the  anterior  roots  are  nerves  of 
motion,  the  posterior  are  nerves  of  sensation.  If  the  posterior  roots  of  the 
nerves  are  cut  through,  the  whole  body  is  derived  of  sensation,  but  not  of 
motion ;  if  the  anterior  roots  of  the  nerves  be  cut  through,  the  power  of  / 
motion  ceases,  but  sensation  remains. 

The  cerebellum,  and  the  parts  of  the  cerebrum  contiguous  to  it,  have  less 
to  do  with  the  communication  of  motion  than  with  the  regulation  and  direc- 
tion of  that  motion.  By  peculiar  sections  of  these  parts  we  have  learned 
that  animals  injured  in  this  way  lose  the  power  of  moving,  except  in  certain 
directions,  as  forwards,  backwards,  laterally,  &c. 

The  elongated  cerebral  process  (medulla  oblongata)  is  supposed  to  be  the 
source  of  those  movements  which  may  take  place  as  well  with  as  without 
the  influence  of  the  will,  as  in  the  respiration,  &c. 

The  visceral  nerves,  or  gangliar  system,  regulate  the  activities  of  the 
muscles  of  the  digestive  organs,  and  these,  as  well  as  the  nerves  of  circula- 
tion and  respiration,  act  independently  of  our  will. 

41.  It  is  still  undetermined  how  and  by  what  means  the  nerves  are  capa- 
ble of  causing  the  contraction  of  the  muscular  fibre.  In  1789,  Gralvani 
mad«  the  discovery  that  a  stream  of  electricity  b  capable  of  exciting  this 
contractility,  precisely  in  the  same  manner  as  this  is  done  by  the  interven- 
tion of  the  nerves  (Physics,  §  167).  Consequently,  views  were  long  enter- 
tained that  electricity  was  the  cause  of  all  muscular  movements. «  There  are, 
however,  weighty  reasons  contradictory  of  this  explanation  of  the  pheno- 
mena of  motion,  and  it  is  still  admitted  that  the  precise  nature  of  the 
operation  of  the  nerves  on  the  muscular  system  has  not  yet  been  satisfacto- 
rily explained. 

42.  The  contractile  force  of  a  muscle  is  only  of  limited  duration.  Sooner 
or  later  a  period  arrives  when  the  most  powerful  muscular  organ  is  inci^able. 
of  exerting  contraction  any  longer.  This  condition  we  term  exhaustion. 
After  a  certain  time  spent  in  sleep,  which  we  call  rett,  the  muscles  are  again 
capable  of  exerting  their 

eoDtractile  forces.  /^^ 

The    motive  energy  is  B 

entirely  regulated  by  the  ^^ 

amplitude  of  the  active  m^\ 

muscle,  and  by  the  will,  km,    I J 

vrbich  b  the  motive  cause.  ^|^^ 

To  what  an  extent  the  lat-       a _ 

ter  power  can  influence       ^P " *  ^ 

the    muscular  force,   we       X  ^ 

learn  from  examples  of  the    /T^ 
enormous  energy  which  is    ^^V^ 
called    forth    by  danger,     ^^^ 
passion,  and  madness. 

43.  Most  of  the  limbs  in  their  common  motions  are  represented  by  a 
Bimple  or  single-armed  lever,  and  are,  in  truth,  such  as  we  see  in  fig.  5, 
having  its  fulcrum  at  c,  while  the  weight  at  the  opposite  extremity^  a^ 

84 
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presses  downwards,  and  the  lower  end  of  the  upwarcUdrawing  mnaole  is 
fixed  at  a  point  between  the  two  extremities  of  the  simple  lever. 

Thus,  for  example,  the  fore«arm,  fig.  6,  may  be  considered  a  lever  of  this 

kind,  having  the  fulcram,  or 
point  of  resistance,  in  the  jcaat 
a,  and  at  the  extremity  of  the 
weight  w  pressing  downwardS| 
while  at  the  point  b  the  npward- 
drawing  muscle  is  attached. 
From  the  physical  laws  illos- 
trated  in  §  84  of  Physics,  it  is 
evident  that  we  are  able  to  sus- 
tain a  greater  weight  the  nearer 
we  place  it  to  the  fulcrum  at  a; 
as,  for  example,  we  can  support 
a  heavy  basket  in  the  joint  of 
the  arm  which  we  could  not  hold  out  in  our  hand.  Let  us  assume  that  the 
distance  from  the  joint  to  the  middle  of  the  hand  is  15  inches,  and  that  at 
1  inch  distant  from  the  fulcrum  of  the  joint  a  weight  of  2  lbs.  is  placed,  if 
the  same  weight  is  placed  in  the  hand,  it  will  press  downwards  with  a  force 
of  15x2  =  30  lbs.y^^,<Q 

-^iL  ORGANS  OF  VITALITY. 

44.  To  the  vital  organs  belong  the  alimentary,  the  circulatory,  and  the 
respiratory.  In  the  lower  order  of  animals  these  exist  only  as  individual  or 
simple  organs ;  in  the  higher  orders  they  are  very  numerous,  complex  in 
form  and  position,  and  form  systems  of  organisation  arranged  under  theae 
three  above-named  classes. 

1.  Alimentary  Organs. 

45.  By  the  term  alimentary  we  understand  the  activities  of  all  the  organs 
which  r^uce  or  chanee  the  condition  of  the  substances  received  for  the 
nutrition  of  the  body,  m  such  a  manner  as  to  render  them  suited  to  form 
new  parts  of  the  body,  or  to  be  assimilated. 

All  the  organs  immediately  contributing  to  the  production  of  this  eSkd 
are  alimentary  or  digestive  organs. 

These  organs  have  the  still  further  function  of  rejecting  many  of  the 
innutritions  and  indigestible  substances  which  have  been  received  into  the 
body,  along  with  the  alimentary  materials. 

46.  The  simplest  form  of  the  alimentary  organ  is  that  of  a  cylindrical- 
shaped  bag  or  pouch.  Its  upper  orifice,  adapted  to  receive  the  food,  ia 
called  its  mouth  (cardiac  orifice),  the  lower  part  is  called  the  pylorus,  or 
pyloric  orifice,  by  which  the  food,  when  triturated  and  sufBciently  pulpy,  is 
emitted  into  the  intestines ;  the  enlargement  of  this  sac  between  the  two 
openings  is  called  the  stomach.  In  addition  to  this,  in  the  more  highly 
organised  animals,  there  appears  a  series  of  contiguous  and  combined  organs, 
which  are  represented  by  fig.  7,  in  which  the  natural  position  of  the  stomach 
is  somewhat  altered,  through  the  elevation  of  the  liver  firom  over  the  gall- 
bladder and  stomach,  which  otherwise  would  be  unseen  in  the  diagram. 

47.  The  separation  of  the  aliments  commences  in  the  mouth,  wheie  tho 
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food  18  both  divided  and  partly  masticated  by  the  teeth.  The  chewing  ap- 
paratus is  of  an  exceedingly  powerful  description,  the  nnder  jaw  acting  on 
the  upper  like  one  limb  of  a  double  lever  or  pair  of  nut-crackers,  where  the 
joint  is  the  fulcrum :  the  tongue  serves  to  place  the  food  between  the  molar 
teeth,  and  at  the  same  time  acts  as  the  organ  of  mastication,  supplied  with 
moisture  by  the  mlivary  glands,  three  pairs  of  which  are  present,  viz.,  the 
sub-lingual,  under  the  tongue;  the  parotid,  near  the  ear;  and  the  sub-max- 
illary, situated  on  the  inside  of  the  lower  jaw. 

The  mliva  is  a  colourless,  watery  fluid,  which  holds  in  solution  about  one 
per  cent,  of  a  more  solid  material ;  its  office  is  to  moisten  the  food  and  to 
make  its  deglutition  more  easy.  Although  the  saliva  has  scarcely  a  greater 
solvent  power  than  water,  yet  experiments  prove  that  chewed  food  is  more 
nutritious  than  that  which  is  unchewed.  Fresh  saliva  has  some  alkaline 
properties  (Chem.  §  17). 

48.  From  the  mouth  the  food  passes  through  the  oesophagus,  which  is 
also  called  the  throat,  into  the  stomach.  This  is  a  strong  membranous  bag, 
which  lies  across  the  cavity  of  the  abdomen,  close  under  the  diaphragm. 
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and  is  covered  by  the  liver.  At  the  left,  where  the  oesophagus  enters  and 
forms  the  mouth  of  the  stomach  (cardiac  orifice),  this  organ  is  enlarged,  and 
it  is  again  contracted  at  the  lower  end  on  the  right,  where  is  the  passage,  called 
pylorus,  into  the  lower  stomach  or  intestinal  canal.  Both  this  passage  and 
also  the  mouth  of  the  stomach  are  drawn  together,  or  constricted,  by  an 
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annular  mnsole,  and  remain  shut  daring  the  progress  of  digestion.  Behind 
the  left  part  of  the  stomach  lies  the  spleen,  an  organ  apparently  formed  of 
the  fine  ramifications  of  an  artery ;  its  functions  are  unknown. 

The  inner  membrane  of  the  stomach  is  lined  with  a  muscular  fibrous 
layer,  by  means  of  which  it  can  be  contracted.  This  is  in  many  animals, 
and  especially  in  domestic  fowls  (the  gizzard),  very  powerful  and  capable 
of  crushing  and  grindiuff  very  bard  substances.  When  the  stomach  is 
empty,  its  membrane  is  relaxed  and  interiorly  furnished  with  many  plaits  or 
folds,  which  are  diminished  when  the  organ  is  again  distended.  Its  inner 
coat  is  coTered  with  a  slimy  membrane,  called  the  mucous  membrane,  which 
secretes  an  acid  fluid  called  the  gastric  juice. 

49.  The  gastric  juice  is  a  fluid  containing  98  per  cent  of  water,  which 
holds  in  solution  some  common  salt  and  hydrochloric  acid.  The  early  opi- 
nions on  the  agency  of  the  digestive  organs  were,  that  the  food  was  mace- 
rated between  the  hard  coats  of  the  stomach ;  but  the  most  accurate  experi- 
ments prove  that  this  is  not  the  case.  The  food  is  dissolved  by  the  gastric 
juice,  and  this  is  easily  shown  to  be  a  fact,  by  employing  the  gastric  juice 
taken  from  slaughtered  animals,  warming  it  to  the  proper  temperature,  and 
placing  in  it  small  chopped  pieces  of  fooa,  which  it  soon  acts  upon  and  dis- 
solves. An  artificial  fluid  has  been  prepared  which  possesses  the  same  sol- 
vent properties  as  the  gastric  juice ;  but  it  has  always  been  found  that  the 
process  is  accomplished  with  greater  celerity  by  this  fluid  when  taken  from 
the  stomach.  Even  a  mixture  of  the  natural  and  artificial  fluids  accelerates 
the  dissolution  of  the  food.  It  is  now  the  general  opinion  that  the  gastric 
juice  contains  a  peculiar,  organic,  digestive  material. 

50.  The  gastric  juice  reduces  the  food  into  a  thick  pulpy  mass  named 
chyme  (chymus). 

When  the  food  is  in  this  state,  it  passes  into  the  part  of  the  alimentary 
canal  called  the  intestines.  This  is  on  the  whole  about  30  feet  long,  and  is 
closely  folded  together  in  the  lower  part  of  the  abdominal  cavity.  The 
intestinal  canal  is  not  all  of  uniform  capacity,  and  is  distinguished  by  appro- 
priate names.  The  upper  part  into  which  the  chyme  passes  from  the  sto- 
mach is  called  the  dvodenurnj  because  it  is  about  12  finger-breadths  in 
length. 

The  alimentary  process  is  still  continued  in  the  duodenum  where  the 
chyme  is  brought  into  contact  with  the  pancreatic  juice,  derived  from  the 
pancreas  (salivary  glands  of  the  stomach),  which  lie  near  (see  fig.  7),  and 
secrete  a  fluid  which  has  a  great  similarity  to  the  saliva  of  the  mouth.  Here 
also,  simultaneously,  the  bile  from  the  gall-bladder  mingles  with  the  chyme. 
The  bile  is  a  clear,  green,  very  bitter  fluid,  and  feels  soapy  and  is  employed 
in  the  place  of  soap  in  washing  many  fine  articles  of  wearing  apparel.  Its 
chemical  composition  explains  this,  for  it  is  a  combination  of  a  fatty  acid  with 
soda  (Chem.  §  134),  forming  thus  a  real  natural  soap,  possessing  the  weak 
alkaline  qualities  of  other  soaps. 

51.  The  liver  is  the  organ  in  which  the  bile  is  secreted.  Its  size  is  very 
considerable,  and  with  its  two  lobes  is  the  largest  of  all  the  visceral  organs. 
The  substance  of  the  liver  consists  of  a  combination  of  small,  firm,  granular 
particles,  interpenetrated  by  a  ereat  number  of  blood-vessels,  and  containing, 
besides,  small  tubular  channek  conveying  the  bile  into  the  duodenum  and 
gall-bladder.  The  liver  consequently  contains  much  bloody  and  is  of  a  dark 
reddish-brown  colour. 
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52.  The  chymificadcm  or  digestiye  prooess  is  finished  on  the  mixture  of 
the  bile  and  the  chyme,  and  the  aliments  are  henceforth  separated  into  two 
portions,  the  one  solid  the  other  floid.  The  former  is  not  adapted  for  assi- 
milation with  the  body  and  is  therefore  rejected.  The  fluid  portion,  on  the 
contrary,  contains  all  the  matter  of  the  food  applicable  to  the  nutrition  of 
the  body,  and  is  named  chyle.  This  substance  is  colourless;  and,  with  this 
exception,  is  Tory  simikr  to  the  blood,  as  we  shall  show  when  we  describe 
the  Latter  fluid. 

53.  The  contents  of  the  duodenum  now  pass  into  the  small  intestines, 
which  are  narrow,  extended,  and  dbposed  in  complex  coils,  and  their  passage 
through  the  latter  is  an  operation  which  lasts  some  considerable  time.  The 
subsequent  elimination  of  the  intestinal  contents  is  effected  through  a  pecu- 
liar vermiform  movement  called  the  peristaltic  motion.  Along  the  intestinal 
canal  there  are  numerous  absorbent  vessels  originating  in  spongy  cellular 
processes ;  and  by  these  vessels,  or  lymphatics,  as  they  are  called,  the  chyle 
is  absorbed  and  conveyed  to  the  thoracic  duct,  where  all  these  unite.  The 
chyle  subsequently  passes  into  the  veins  and  so  mixes  with  the  blood.  The 
further  the  contents  of  the  intestines  proceed  in  their  downward  course,  the 
less  nutriment  they  yield,  and,  finally,  when  they  have  reached  the  large  in* 
testine  (colon,  fig.  7),  as  it  b  termed,  their  nutritious  matter  is  altogether 
absorbed.  In  this  latter  stage  they  become  more  solid,  begin  to  putrefy,  and 
are  finally  ejected  from  the  body. 

54.  All  kinds  of  food  are  changed  or  dieted  in  a  similar  way  during 
their  passage  through  the  digestive  canal.  In  general,  solid  nutritive  sub- 
stances are  less  digestible  than  such  as  are  of  a  softer  or  looser  nature.  If, 
within  a  certain  time,  any  substance  is  not  dieested,  it  passes  on,  together 
with  the  digested  aliments,  and  numbers  of  such  substances  are  ejected  from 
the  body  totally  unchanged.  Such  materials,  of  course,  contribute  no  nou- 
rishment, and  their  presence  in  the  intestines  is  frequently  productive  of  pain 
or  uneasy  sensations. 

Both  accurate  investigations  as  well  as  common  experience  teach  us,  that 
easily  digestible  food  only  requires  from  one  hour  to  an  hour  and  a  half  in 
the  process.  The  following  are  a  few  of  such  alimentary  substances,  viz. : — 
Asparagus,  spinach,  celery ;  the  pulp  and  parenchymatous  portions  of  dif- 
ferent sorts  of  fruit;  preparations  of  cereal  grains,  such  as  oats,  rye,  barley, 
rice,  maize;  also  peas,  beans,  chestnuts;  bread,  one  day  old;  turnips,  pota- 
toes, veal,  mutton,  fowls,  soft-boiled  eggs,  milk,  and  boiled  fish. 

Less  digestible  substances,  or  such  as  are  not  chymified,  or  only  incom- 
pletely so,  in  the  given  time,  are :  —  Salads,  lettuce,  water-cresses,  chicory, 
white  cabbage,  onions,  horse-radish,  carrots,  walnuts;  newly-baked  bread, 
patties;  pork  of  all  kinds,  fresh,  «dted,  or  cured;  hard-boiled  eggs,  and 
omelettes. 

Substances  nearly  or  altogether  indigestible  are  the  following :  —  Mush- 
rooms, kernels  of  all  sorts  of  stone  fruits,  oily  and  fatty  matters  of  plants 
and  animals,  the  husks  of  peas,  beans,  &c.,  rinds  and  skins  of  fruit;  the 
skinny,  gristly  parts  of  meat,  cartilaginous  and  osseous  parts,  &o. 

Warm  food  is  more  easily  digested  than  cold ;  the  latter  dimishea  the  heat 
of  the  stomach,  which  acts  more  powerfully  when  of  a  certain  temperature. 
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y^  2.  Organs  op  Ciroitlation. 

55.  The  organs  bj  which  the  blood  is  ciroalated  are  called  vesteis.  They 
are  a  series  of  cylindrical  tabular  channels,  always  filled  with  a  fluid,  an<^ 
in  combination,  form  the  vascular  system. 

They  are,  according  to  the  nature  of  their  fluid  contents,  divided  into 
arterieSf  where  the  fluid  is  a  bright  red ;  veinsy  where  it  is  of  a  dark  red ; 
and  lymphatic  vesseb,  where  the  fluid  is  without  colour.  The  red-ooloored 
fluid  is  called  blood. 

56.  The  function  of  circulation  is  essentially  of  a  threefold  character  in 
the  animal  economy.  First,  it  conveys  the  digested  aliments  all  over  the 
body  for  its  nutrition.  Second,  it  eliminates  or  separates  from  the  different 
organs  those  portions  which  have  been  exhausted  and  are  no  loneer  service- 
able to  these  organs.  Thirdly,  the  blood  serves  to  maintain  and  distribute 
an  equal  temperature  over  the  whole  body. 

The  Blood. 

57.  The  average  weight  of  a  man  of  40  years  of  age  is  estimated  at  137 
lbs.  (com..  Physics,  §  51),  of  which  the  blood  amounts  to  about  80*5  lbs. 

Blood  is  a  non-transparent,  bright-red  fluid,  mostly  consisting  of  water,  in 
which  the  following  materials  are  contained  as  its  relative  constituents : — 

Constituent  Parts  of  Blood.  100  Pirts  oontain : 

Water : 78-2 

Blood-globules 18-5 

Fibrin 0-8 

Albumen 6-7 

Saline  substances 0*9 

FaUy  matter 0*4 

100^5 

These  numbers  express  the  average  relative  proportions,  according  to  which 
these  materials  are  combined  to  form  blood  -,  age,  occupation,  and  health  do^ 
however,  exercise  a  modifying  influence  on  the  composition  of  this  fluid. 

But  besides  the  solid  and  fluid  constituents  above  mentioned,  there  are  in 
the  blood  several  gases,  as  oocygeny  nitrogen^  and  car^nmic  add. 

When  viewed  through  a  microscope,  the  blood  appears  as  a  clear,  pak 
yellowish  fluid,  in  which  an  infinite  number  of  minute  red  particles  swim 
about,  which  are  named  blood-globules,  and  communicate  to  the  blood  its  red 
colour.  It  is  to  be  observed  that  the  colouring  matter  of  the  blood  contains 
iron,  of  which  it  is  calculated  that  the  amount  is  0-06  per  cent,  which  in 
80*5  lbs.  is  about  a  quarter  of  an  ounce.  A  portion  of  the  corpuscles  con* 
tained  in  the  blood,  viz.,  the  lymph  corpuscles,  is  without  colour. 

If  fresh  blood  is  suffered  to  remain  at  rest  for  a  short  time,  it  coagulates, 
that  is,  separates  into  two  parts,  viz.,  the  solid  part,  which  floats  on  the  sur- 
face, and  is  called  coagulum,  or  clot;  and  the  watery  yellowish  part,  which 
is  called  serum. 

On  cooling,  the  fibrin  coagulates  in  the  form  of  a  flocculent  matter,  and 
combines  with  the  globules,  so  ths^t  both  together  form  the  red-coloured  solid 
mass  called  coagulum,  which  swims  upon  the  serum.  If  the  fresh  blood  be 
briskly  agitated  with  the  hand,  or  a  brush,  the  fibrin  is  separated,  but  is  not 
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again  oapable  of  combiniDg  with  the  globoles.  The  blood  retains  its  red 
colour,  bat  loses  its  eoagidating  property.  The  fibrin  (Chem.  §151)  is 
oolonrless,  and  is  found  in  the  form  of  white  threads  hanging  to  the  small 
brush  with  which  the  blood  was  agitated. 

58.  If  the  serum  be  heated  to  ebullition^  the  albumen  is  coagulated  (Chem. 
§  151),  hence  all  the  blood  used  in  cookery  becomes  solid.  If  we  mix  blood 
with  a  liquid  which  is  rendered  thick  and  turbid  by  the  presence  of  minute 
particles  of  foreign  matters,  and  heat  it  to  ebullition,  the  albumen  of  the 
blood  during  coagulation  envelopes  these  particles,  and  renders  the  liquid 
perfectly  clear.  In  sugar-refining,  buUock's  blood  is  used  for  the  process  of 
clarification. 

The  saline  matter  of  the  blood  is  principally  common  salt  and  phosphate 
of  lime,  of  which  last  material  the  bones  are  chiefly  composed. 

There  are,  besides  the  above,  several  other  substances  in  the  blood,  but  in 
80  small  quantities,  that,  though  known,  tbeir  proportion  is  scarcely  deter- 
minable. The  most  important  of  these  is  faty  which  is  perceived  in  the 
form  of  small  globules  swimming  in  the  blood. 

59.  From  the  above  we  learn  that  in  the  blood  is  present  all  the  materials 
of  which  the  various  parts  of  the  human  body  consist,  viz. :  fibrin  and  albu- 
men, which  form  the  muscle  and  the  skin ;  phospate  of  lime,  which  forms 
the  solid  substances  of  the  bones;  fatty  and  other  substances  found  in 
smaller  quantities,  and  constituting  the  smaller  parts,  as  the  brain,  &c.  Con- 
sequently the  blood  is  the  fluid  nutritive  material  of  our  bodies ;  and  we 
may  affirm  with  certainty  that  every  portion  of  the  same  originates  in  the 
blood,  and  was  formerly  in  a  fluid  condition. 

But  in  order  that  the  blood  may  be  in  a  condition  to  perform  its  function 
of  renewing  the  waste  of  the  body,  it  must  be  provided  with  the  means  of 
reaching  every  part  of  the  system,  and  this  is  accomplished  by  the  different 
vessels,  which  altogether  form  the  vascular  apparatus,  provided  for  the  cir- 
culation of  the  blood. 

1.  The  Arteries. 

60.  The  arteries  are  small  tubes  whose  walls  are  possessed  of  great  elas- 
ticity, and  therefore  do  not  collapse  when  empty.  They  originate  in  the 
heart  (see  fig.  8),  which  is  a  hollow  muscular  organ  situated  in  the  cavity 
of  the  chest  and  divided  intg  several  compartments. 

In  the  arteries  we  find  the  bright  red-coloured  blood }  and  their  function 
is  the  distribution  of  this  fluid  to  all  parts  of  the  body. 

From  the  left  ventricle  of  the  heart  arises  the  principal  blood-vessel,  which 
is  named  the  aorta  (figs.  8  and  9),  giving  off  several  branches.  Of  these 
the  carotid  arteries,  situated  on  the  right  and  left  sides  of  the  neck,  convey 
blood  to  the  head.  The  subclavian  arteries  are  next  given  off  to  the  upper 
extremities  on  each  side. 

Then  the  aorta,  forming  an  arch  nearly  directly  backwards,  descends  on 
the  left  side  of  the  vertebral  column,  giving  off  in  its  course  branches  to  the 
different  organs  of  digestion,  and  then  bifurcates  or  divides  into  two  for  the 
supply  of  the  lower  extremities. 

All  these  main  channels  or  branches  are  divided  and  again  subdivided 
until  finally  they  are  lost  in  a  series  of  exceedingly  minute  reticulated  vesselsi 
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only  visible  by  the  aid  of  a  powerfdl  microaoope,  and  are  then  called  the 
capillary  vesseLs.     Here  is  the  commeDoement  of  the  ^ina. 

The  larger  arteries  lie  chiefly  on  the  inner  side  of  the  limbs,  and  moot  of 
them  are  rather  deeply  situated  and  are  well  protected  by  the  snrroanding 
muscles.  When  they  lie  near  the  sur&ce,  the  motion  of  the  blood  is  exter- 
nally perceptible  by  a  slight  motion  of  the  contiguous  parts :  this  is  the  case 
with  the  carotid  arteries  in  the  neck.  This  motion  is  still  more  perceptible 
as  a  slight  throb  or  stroke  (the  pulae),  felt  on  applying  the  finger  gently  to 
the  radial  artery  in  the  wrist,  as  is  the  usual  mode  of  ^ling  the  pulae. 

A  woupd  in  the  large  arteries  is  very  dangerous,  because  the  blood  being 
impelled  with  considerable  force  from  the  heart,  hemorrhage  is  eaaly  pro- 
duced. In  accidental  injuries  of  the  arteries,  till  surgical  aid  can  be  obtained, 
the  efflux  of  blood  is  to  be  preyented  by  compression,  ligatures,  bandageS| 
or  any  other  mechanical  means. 

2.  The  Veins. 

61.  The  veins  are  also  tubular  channels  of  a  laxer  consistency  than  the 
arteries,  and  being  more  flaccid  collapse  when  empty.    They  originate  in  the 

^         ^         ^        ^  infinitely  numerous  capillary  vessels  vrhick 

connect  the  arteries  and  veins.  The  union 
of  the  capillary  vessels  constitutes  laiger 
veins,  and  the  combination  of  the  latter 
forms  several  principal  branches  or  venous 
^  ^^  SJ^'IJ^  ^^^^>/y         trunks,  which  ultimately  are  reduced  to  two 

principal  veins,  called  the  venso  cavsB,  which 
conduct  the  blood  into  the  right  auricle  of 
the  heart  (see  fig.  8). 

The  venous  blood  has  a  much  darker  col- 
our than  the  arterial. 

The  pulsation  of  the  blood,  dependent  on 
the  action  of  the  heart,  is  lost  in  the  capil* 
lary  vessels ;  and  consequently,  in  the  veiDsi, 
no  pulsation  is  felt.  Many  veins  lie  cloee 
to  the  surface,  and  are  distinguished  by  their 
blue  colour  appearing  through  the  semi-transparent  skin.  If  the  return  of 
their  contents  to  the  heart  be  impeded,  they  swell  to  a  great  siae :  this  ia 
often  observable  in  the  veins  that  pass  over  the  back  of  the  hand. 

A  small  longitudinal  incision  made  in  a  vein  closes  again  with  celeri^ 
and  ease.  In  the  practice  of  blood-letting,  or  phlebotomy,  an  incision  is 
made  with  a  sharp-pointed  instrument,  called  a  lancet,  in  a  large  vein  on  the 
front  of  the  arm,  whence  the  required  quantity  of  blood  is  drawn ;  a  slight 
bandage  is  sufficient  to  close  the  opening  again. 

8.  Absorbent  and  Lymphatic  Vessels. 

62.  In  almost  every  part  of  the  body,  both  immediately  beneath  the  skin 
and  deeper,  lymphatic  vessels  are  fouud.  By  this  name  we  designate  a 
system  of  very  thin-walled  transparent  canals,  which  in  extremely  delicate 
ramifications  take  their  rise  in  the  interior  of  the  various  organs.     In  their 
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{oogreflB  from  tbe  plaoe  of  their  origiD,  these  minute  channels  ramify  and 
again  unite,  thus  forming  larger  vesseb  which  in  several  places  discharge 
their  contents  into  tbe  veins. 

The  contents  of  the  absorbent  and  lymphatic  vessels  constitute  what  is 
oalled  lymph,  generally  a  yellowish  transparent  fluid,  in  which  are  disooT* 
ered,  by  the  aid  of  the  microscopci  round  colourless  corpuscles,  similar  to 
the  blood-globules,  but  not  so  large. 

The  lymphatic  vessels  which  originate  in  the  intestines  are  of  special 
importanee.  It  has  been  already  stated  in  §  58  that  numerous  spongy  cel- 
lular formations  are  found  situated  along  the  smaller  intestinal  canal.  These 
Are  the  mouths  of  the  lymphatic  system  of  the  intestines  or  lacteaU,  con- 
sisting of  numerous  minute,  sometimes  united  channels,  whose  functions  are 
most  intimately  connected  with  the  process  of  digestion.  If  during  the 
digestive  operation  the  contents  of  these  vessels  be  examined,  they  appear 
to  be  of  a  cloudy  whitish  colour,  and  milky  appearance ;  and  hence  the  prin- 
cipal vessel  where  they  all  finally  unite  is  called  the  ikoracic  lacteal  ducty 
because  it  ascends  along  the  vertebral  column  upwards  into  the  cavity  of 
the  breast,  direct  to  the  place  where  the  left  jugular  vein  and  subclavian 
vein  unite ;  there  it  passes  into  the  veins,  and  its  contents  are  mingled  with 
the  blood. 

The  portion  of  the  lymphatic  vessels  originating  in  or  on  the  intestines 
nndoubtedly  performs  the  function  of  absorbing  the  nutritive  substance 
(chyle)  produced  during  the  digestive  process,  and  hence  they  are  called 
abeorbent  vessels.  They  are  at  first  widely  spread  through  the  mesenteric 
folds,  investing  the  intestines,  and  from  these  they  gradually  combine  to 
form  the  thoracic  duct. 

In  this  manner  the  milky  substance  absorbed  from  the  intestines  is  con- 
tinually undergoing  a  successive  series  of  changes  which  assimilate  it  more 
and  more  to  the  blood.  Before  its  entrance  into  the  veins  it  has  a  pale-red 
colour,  which  is  heightened  when  it  has  been  exposed  to  the  action  of  the 
air  in  the  lungs.  It,  like  blood,  possesses  the  property  of  coagulating  as 
it  cools.  Hence,  it  may  be  considered  as  colourless  blood ;  and  in  a  Urge 
proportion  of  the  invertebrata  the  contents  of  the  blood-vessels  are  always 
odourless. 

Circulation  op  the  Blood. 

63.  The  heart  is  the  cen|^  from  which  all  the  motion  of  the  blood  pro- 
ceeds. A  section  of  this  organ  is  represented  by  fig.  8,  which  is  somewhat 
aimplified  for  the  sake  of  perspicuity.  The  heart  is  longitudinally  divided 
by  a  partition,  s,  into  the  right  and  le/t  ventricles  or  chambers,  vis.,  r  and 
I;  each  of  these  divisions  has  also  a  superior  cavity  (auricle)  a,  5,  also  sepa- 
rated by  a  flap  or  valve  tc,  so  that  each  ventricle  or  cell  has  a  communica- 
tion with  its  auricle. 

The  heart  is  a  hollow  muscle  which  by  its  power  of  contraction  can  dimi- 
nish the  capacity  of  its  cavity.  If  we  assume  that  this  organ  is  filled  with 
blood,  its  contraction  will  forcibly  impel  the  blood  into  the  tubular  channels 
which  open  into  the  heart.  Eight  of  the  larger  are  represented  in  the  dia- 
gram, but  the  blood  is  not  impelled  by  the  contraction  of  the  heart  into  all 
of  them,  but  into  two  only.  The  cause  of  this  is  to  be  attributed  to  the 
presence  of  valves,  which  cdiut  the  apertures  or  openings  of  the  arteries  as 
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well  as  those  of  the  veins.  These  valves,  like  the  valves  of  a  pomp  (Phj' 
BIOS,  §  83),  only  open  when  the  fluid  presses  against  one  side,  and  are  kept 
closed  when  the  fluid  comes  in  an  opposite  direction.  By  the  ooatnctbn  of 
the  heart  the  valves  of  the  arteries,  c  and  d,  are  forced  open,  and  permit  the 
entrance  of  the  blood,  whilst  those  of  the  veins,  e  tJidf,  which  are  attacdied 
in  an  opposite  position,  remain  closed. 

The  contraction  of  the  heart,  like  that  of  every  other  muscle,  is  only 
exerted  for  a  short  time,  after  which  it  again  expands;  and,  as  soon  as  this 
occurs,  the  valves  of  the  arteries  are  immediately  closed,  and  those  of  the 
veins  simultaneously  opened,  and  the  blood  allowed  to  flow  into  the  heart. 

This  alternate  contraction  and  dilatation  of  the  heart  is  the  pecnliar  move* 
ment  which  we  call  tJie  beating  of  the  heart 

On  an  average,  the  heart  performs  seventy  of  these  beats  in  a  minute ; 
and  they  may  te  ascertained  either  by  external  feeling  of  the  breast  in  the 
region  of  the  heart,  or  more  accurately  by  counting  the  corresponding  num- 
ber of  pulsations  which  may  be  felt  in  the  wrist.  In  children,  and  m  men 
when  in  a  state  of  excitement,  or  when  affected  by  various  diseases,  espe- 
dally  in  fevers,  the  pulsations  amount  to  as  many  as  one  hundred  in  a 
minute. 

64.  The  heart  discharges  two  functions  at  the  same  time — first,  it  distri- 
butes the  purified  blood,  with  renovated  nutritive  power,  into  all  parts  d  the 
body ;  and,  second,  it  impels  the  dark-red  blood  into  the  lungs,  where  it 
comes  into  contact  with  atmospheric  air,  whereby  its  bright-red  colour  is 
restored.  The  former  is  called  the  general,  and  the  latter  the  pulmonary 
circulation. 

65.  The  general  circulation  of  the  blood  is  accomplished  by  the  left  divi* 
sion  of  the  heart.  By  its  contraction  the  brightrved  blood  is  foroed  into  the 
aorta  a,  and  distributed  through  its  branches  in  all  directions.  By  the  dila- 
tation of  the  heart  the  dark-red  blood  is  returned  to  the  right  auricle  through 
the  large  veins,  e,  which  open  into  it,  and  thenoe  it  passes  into  the  ri^t 
ventricle  of  the  heart. 

66.  The  pulmonary  circulation  of  the  blood  is  between  the  heart  and  the 
lungs,  and  proceeds  firom  the  right  ventricle  simultaneously  with  the  general 
circulation.  The  ventricle  propels  the  dark-red  blood  it  contains  through 
the  pulmonary  artery,  which,  dividing  into  two  branches,  d  d,  conveys  the 
blood  to  both  lobes  of  the  lungs.  By  another  dilatation  of  the  heart,  the 
blood  returns  purified  and  of  a  bright-red  col^pr  through  the  pulmonary 
veins,  //,  into  the  left  auricle,  whence  it  passes  into  the  left  ventricle  which 
is  immediately  beneath  it,  in  order,  at  the  next  contraction  of  the  heart,  to 
enter  the  general  circulation. 

From  the  above  we  are  taught  that  the  entire  mass  of  blood  in  our  bodies 
is  constantly  in  motion,  and  alternately  undergoing  the  process  of  the  gene- 
ral and  pulmonary  circulations. 

67.  The  discovery  of  the  circulation  of  the  Uood,  one  of  the  most  intri- 
cate as  well  as  one  of  the  most  important  branches  of  anatomical  knowledge, 
explanatory  of  many  of  the  phenomena  of  life,  we  owe  to  our  renow^d 
countryman,  Harvey  (1619). 

The  observation  made  in  §  60,  that  the  finest  ramifications  of  the  arteries, 
the  capillary  vessels,  form  the  transition  immediately  to  the  same  vessels  of 
the  veins,  can  be  satisfactorily  proved  by  viewing  with  a  microscope  Uw 
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transpaient  skin  whieh  lies  between  the  toes  of  a  frc^.  The  motion  of  the 
blood-^obnles  through  the  capillary  vessels  from  the  arteries  to  the  veins 
oaa  be  dearly  observecL 

Organs  op  Respiration. 

68.  The  Itmgsy  together  with  the  connected  channels  or  passages  that 
lead  to  and  from  them^  are  called  the  organs  of  respiration.     Fig.  9. 

The  mass  of  the  lungs  consists  of  the  very  fine  ramifications  of  three  dif- 
ferent kinds  of  channels^  of  which  the  first  is  the  trachea,  or  wind-pipe^  the 
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f^'    ac    t    ac  vj 

Subclavian  vein. 

'^vj.  Jugular  vein. 
ac.  Carotid  artery. 
t.  Trachea. 

Lungs. 

a.   Aorta. 

ve.  Inferior  yena  cava. 
vd.  Right  ventricle. 
vg.  Left  ventricle. 
od.  Right  auricle. 

I    I  \ 

od  vcvdu  vg 

9.  Lungs,  heart,  and  principal  Teasels  of  man.    (Gomp.  J  60  and  61.) 

second  the  pulmonary  artery,  and  the  third  the  pulmonary  veins.  This 
organ  is  of  considerable  size,  occupying,  with  the  heart,  whidi  it  surrounds 
on  both  sides,  the  whole  extent  of  the  thoracic  cavity,  and  consists  of  two 
tolerably  equal  lobes. 

The  office  of  the  lungs  is  to  bring  the  dark-red  blood  through  the  pnl* 
monary  artery  into  contact  |nth  the  air* 

69.  The  trachea^  or  vymd-pipe,  ^,  which  opens  into  the  mouth,  and  is  thereby 
connected  with  the  nose,  consists  of  about  twenty  hard  gristly  rings,  which 
are  all  united  by  membrane.  At  the  upper  part  of  the  trachea  is  situated 
the  larynx,  where  the  trachea,  or  wind-pipe,  by  an  aperture  called  the  yhttisj 
opens  into  the  pharynx  or  superior  part  of  the  (esophagus. 

To  prevent  the  passage  of  any  portion  of  food  dr  drink  into  the  wind-pipe, 
the  latter  is  protected  oy  a  cartilaginous  valve  called  the  epiglottis,  which 
closes  the  opening  of  the  trachea  during  the  deglutition  of  the  food.  It 
remains  open,  on  the  contrary,  for  breathing,  speaking,  &c.  It  often  hap- 
pens that  during  the  process  of  deglutition  particles  of  food,  liquids,  &c.,  do 
enter  the  wind-pipe,  and  a  violent  irritation  or  coughing  is  the  consequence, 
and  by  this  means  the  irritating  matter  is  expelled. 

In  the  thorax  the  wind-pipe  is  divided  into  two  principal  branches,  which 
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extend  throngb  the  longs,  divarioating  in  all  directions,  and  ienninAting  ia 
small  celk  filled  with  air :  these  cells  are  again  encompassed  with  the  Tery 
fine  ramifications  of  the  arteries,  which  are  also  dispersed  over  the  lungs. 

Thus  the  lungs  always  contain  a  large  quantity  of  air.  When  taken  from 
an  animal,  and  the  air  expelled,  they  collapse,  and  may  be  again  distended 
to  their  full  dimensions  by  the  injection  of  air  through  the  wind<{Hpe. 

70.  The  act  of  respiration  or  breathing  is  accomplished  by  a  partionlar 
muscle  which  expands  the  chest,  so  that  a  quantity  of  air  passes  tbrougk 
the  trachea  into  the  rarefied  space  within  the  thorax.  When  the  musoles  of 
the  chest  relax,  a  quantity  of  air,  corresponding  to  the  diminished  space, 
escapes  or  is  forced  out.  The  average  bulk  of  air  breathed  by  a  man  at 
every  inspiration  is  about  33  cubic  inches.  In  an  adult  the  number  of  inspi- 
rations amounts  to  18  in  a  minute;  in  children  the  number  is  greater. 
There  are  on  an  average  3.8  pulsations  to  every  respiration. 

Effect  of  Respikation  upon  the  Blood. 

71.  We  have  seen  in  §  65  that  the  blood  having,  by  the  general  circttla- 
tion,  been  distributed  to  all  parts  of  the  body,  is  returned  again  through  the 
vence  cavce  into  the  right  auricle  of  the  heart,  that  it  thence  passes  into  the 
right  ventricle,  and  by  the  next  contraction  of  the  heart  is  forced  into  the 
bifurcated  pulmonary  artery,  which  carries  the  blood  into  both  lobes  of  tiie 
lungs. 

An  important  change  in  the  condition  of  the  blood  is  now  effected  through 
its  contact  with  the  air.  This  cont^t  is  not,  however,  immediate.  Both 
are  separated  by  the  very  fine  membrane  of  the  pulmonary  air-cells  and  of 
the  capillary  vessels.  There  appears  to  be  a  similar  interpenetration  of  these 
membranes  containing  the  air  and  the  blood,  as  we  have  described  in  Botany 
under  the  name  of  endosmose  (§  10),  viz.,  the  absorption  of  the  sap  by  the 
plant-cells. 

72.  A  comparison  of  the  atmospheric  air  inhaled  by  the  lungs,  with  that 
which  is  exhaled  from  the  lungs,  will  show  us  the  result  of  this  contact  of 
the  blood  with  atmospheric  air. 

The  air  inspired  is  atmospheric  air,  and  of  course  is  of  the  same  tenper- 
ature,  an  average  of  51^  Fahr.,  and  contains  the  same  proportion  of  water; 
the  air  expired  is  of  the  same  temperature  as  the  body,  or  on  an  average  of 
99^  Fahr.,  and  contains  a  corresponding  proportion  of  aqueous  vapour, 
amounting  to  about  one  grain  at  eveir  expiration.  The  following  tabular 
view  will  exemplify  the  change  which  the  air  has  undergone  by  passing 
through  the  lungs : 


Contentfl  of  the 
Air  In 

Before  Inspiration. 

After  Expiration. 

In  100 
Meuures. 

In  100  Parte 

1^  Weight. 

In  100 
Moasuros. 

InlOOFavta 
by  Weight. 

Oxygen 

Nitrogen 

Carbonic  acid 

20-816 
79185 
A  trace. 

28-001 
76-999 
A  trace. 

16-038 

79-687 

4-880 

17-878 

76081 

6-646 

100000 

100-000 

100-000 

100-000 
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Tbis  table,  fbnnded  upon  numerous  observations  and  experiments^  teaobes 
us  tbat  tbe  nitrogen  suffers  little  or  no  change :  it  is  returned  to  the  atmo* 
sphere  in  the  same  condition  as  when  it  was  inhaled  by  the  lungs. 

The  case  is  different  with  the  oxygen.  Its  quantity  appears  to  be  dimi- 
nished 4*88  per  cent,  by  the  process  of  respiration,  and  tbe  expired  air  or 
breath  contains  a  corresponding  quantity  of  carbonic  acid  (Chem.  §  58). 
Hence  it  appears  that  a  certain  portion  of  oxygen  is  withdrawn  from  the 
air,  and  a  oorresponding  portion  of  carbonic  add  mixed  with  it. 

What  has  become  of  the  oxygen  which  has  disappeared  ? 

It  unites  with  the  carbonaceous  matter  of  the  dark-red  blood,  and  forms 
carbonic  acid,  which  is  expired.  After  thi^i^rocess  has  been  accomplished, 
the  blood  recoyers  its  bright-red  colour,  and  returns  through  the  pulmonary 
yeins  into  the  left  auricle,  and  thence  into  the  left  ventricle,  to  recommence 
its  circulatory  course. 

78.  In  this  manner  the  body  of  an  adult  produces  at  every  respiration  a 
certain  quantity  of  carbonic  acid,  amounting  in  an  hour  to  about  44  grammes. 
(1}  ounces.)  This  carbonic  acid  contains  12  grammes  of  carbon,  conse- 
quently tbe  body  must  yield  by  the  process  of  respiration,  in  the  course  of 
24  hours,  288  grammes,  or  about  10  ounces  of  carbon.  * 

One  natural  consequence  of  this  is,  that  we  must  supply  our  bodies  with 
the  requisite  amount  of  carbonaceous  materials,  in  order  that  it  may  be  in  a 
condition  to  support  respiration.  And  in  fact  this  is  done  by  means  of  the 
^ood,  which  consists  of  animal  and  vegetable  matter,  both  containing  carbon. 
A  considerable  portion  of  the  food  daily  consumed  serves  merely  to  support 
respiration.  With  every  breath  we  draw  the  body  loses  a  definite  portion  of 
its  weight,  and  this  loss  must  be  supplied.  A  famishing  person  is  self-con- 
sumed by  constant  respiration.  If  we  could  exist  for  weeks  or  months 
without  breathing,  we  could  dispense  with  food  for  a  corresponding  period. 
There  are  animals,  such  as  serpents  and  toads,  which  can  live  for  many 
weeks  without  sensible  respiration,  and  it  is  known  that  these  can  dispense 
with  food  for  an  equal  period.  In  the  hybemating  animals,  or  those  which 
sleep  during  the  winter,  breathing  is  suspended,  and  during  that  time  they 
require  no  tood. 

Animals  that  pass  the  winter  in  a  dormant  state,  like  the  badger,  marmot, 
and  many  others,  breathe,  indeed,  but  very  feebly.  Consequently,  during 
this  time  they  consume  a  considerable  portion  of  their  bodies ;  for  these 
animals  at  the  beginning  of  their  winter-sleep  are  swollen  with  fat,  and  at 
its  termination  are  very  lean.  A  longer  duration  of  this  condition  would  be 
impossible. 

74.  Chemistry  (§  22)  informs  us  that  when  oxygen  combines  with  other 
materials,  a  certain  amount  of  heat  is  evolved ;  and  this  becomes  the  more 
perceptible  the  larger  the  quantity  that  combines  within  a  given  time.  It 
is  well  known  that  if  a  piece  of  coal  is  burned  in  tbe  atmosphere,  it  com- 
municates a  certain  amount  of  heat,  and  we  can  apply  this  heat  for  producing 
very  different  effects. 

Now  if,  as  has  been  shown  above,  the  process  of  respiration  is  nothing 
else  than  the  chemical  combination,  taking  place  in  our  bodies,  of  carbon 
with  other  materials,  a  certain  amount  of  heat  must  be  generated  and  felt. 
This  is,  in  truth,  the  case.  We  can  decidedly  affirm  that  the  essential  object 
of  respiration  is  the  production  of  heat — that  this  heat  is  communicated  to 
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the  blood,  and  by  this  fluid  H  is  quickly,  equally)  and  nnivenaUy  difiised 
orer  erery  part  of  the  body.  The  heat  of  the  blood,  and  consequently  that 
of  all  parts  of  the  body,  is  99^  Fahrenheit  It  is  higher  in  children,  aod 
lower  in  persons  of  advanced  age.  And  in  the  whole  mammiferoiis  class  it 
18  pretty  nearly  the  same  as  it  is  in  man.  In  the  denisens  of  the  Polar 
regions,  it  is  something  higher,  and  in  all  birds  it  amounts  to  about  108^ 
Fahrenheit.  Fishes  and  reptiles  have  the  same  warmth  as  Uie  temperatiii« 
of  the  media  by  which  they  are  surrounded. 

Phtsiological  Inferences. 

75.  From  what  has  been  stMed  in  the  previous  sections  respecting  the 
oreans  of  digestion,  circulation,  and  respiration,  there  are  several  inferences 
to  be  drawn  which  are  explanatory  of  the  various  phenomena  of  life.  Among 
these  the  phenomena  of  nutrition  are  the  most  important,  as  on  this  process 
depends  not  only  the  preservation,  but  also  the  improvement  or  civilizatioEi 
of  the  human  race. 

76.  If  we  compare  the  substances  constituting  the  nutriment  of  men  and 
other  animals  with  the  food  of  plants,  we  find  that  there  is  an  essential  di^ 
fcrence'  not  merely  in  the  organs  of  absorption  and  assimilation,  but  also  in 
the  material  that  is  received  into  the  system.  Nutrition  in  the  vegetable 
kingdom  is  not  limited  to  a  single  organ,  as  is  the  case  in  animals ;  we  find 
that  the  whole  surface  of  the  former,  vii.,  the  leaves,  the  root,  and  the  bark 
of  herbaceous  plants,  is  adapted  to  the  reception  of  their  food;  whilst,  with 
few  exceptions,  animals  can  receive  nutriment  only  by  a  single  aperture — 
the  mouth. 

But  the  difference  appears  greater  and  more  essential  when  we  oompare 
the  nutritive  substances  themselves.  Plants  are  supported  entirely  on  inor- 
ganic materials;  for  water,  carbonic  acid,  and  ammonia  are  the  three  chief 
component  parts  of  the  food  of  the  vegetable  world  (Botany,  §  87,  Ao.),  and 
these  matenals  are  all  produced  by  the  general  influence  of  natural  forces 
operating  upon  the  constituents  of  the  earth  and  atmosphere;  but,  notwith- 
standing, they  are  inanimate,  inorganic  bodies  like  minerals,  and  are  totally 
dissimilar  to  the  parts  of  plants  which  they  are  employed  to  produce.  Plants, 
therefore,  have  the  power  of  assimilating  the  inorganic  parts  of  the  substance 
of  the  earth,  and  also  of  forming  these  into  organic  bodies.  From  water, 
carbonic  acid,  and  ammonia  the  plant  forms  woody  fibre,  starch,  sugar,  vege- 
table albumen,  and  many  other  materials,  which,  as  we  have  alr^y  seen 
(Chem.  §  119— §  124),  are  constituents  of  the  vegetable  kingdom. 

77.  This  capability  is  not  possessed  by  the  animal.  From  these  three 
materials  which  constitute  the  food  of  plants,  it  can  neither  form  its  own 

.  albumen,  nor  muscular  fibre,  nor  fat.  On  the  cold,  lifeless  breast  of  inani- 
mate nature  the  animal  would  pine  away,  and  soon  perish.  It  requires  for 
its  existence  an  agent  to  convert  the  requisite  materials  into  an  organic  bodyi 
and  this  agent  is  the  plant. 

When  we  compare  the  chemical  combination  of  albumen,  casein,  fibrin, 
and  the  fatty  matter  of  plants  (Chem.  §  149),  with  the  analogous  matenals 
which  are  found  in  the  bodies  of  animals,  we  find  that  the.  animal  receivea, 
in  the  plants  on  which  it  feeds,  all  the  materials  already  formed  which  are 
necessary  for  the  development  of  the  various  parts  of  its  body. 

78.  Hence  the  process  of  digestion  in  aninials  is  simple,  and  more  eaafly 
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intelligible  tliaa  that  of  jduits.  The  animal  does  not  form,  from  the  required 
elements,  its  mnsole,  &t,  &e.,  bat  by  means  of  its  alimentary  organs,  dissoWes 
or  ohymnifies  these  very  materials  already  prepared  in  the  plant,  and  through 
the  organs  of  circulation  conveys  and  applies  them  to  all  parts  of  its  body. 

This  is  still  more  evident  in  the  case  of  oamivoroos  animals,  or  in  such 
as  live  on  the  blood  of  other  animals.  It  is  evident  that  these  subsist  en- 
tirely on  the  identical  materials  which  form  their  own  bodies.  The  digestive 
organs  only  effect  a  modification,  not  a  chemical  change,  of  the  matemls  on 
which  they  subsist 

It  is  a  &ct  that  the  function  of  digestion  is  the  easier,  the  more  analogous 
the  food  is  to  the  constituents  of  our  own  bodies.  The  digestive  process  in 
the  herbivorous  animals  is  in  many  respects  different  from  that  of  carnivorous 
animals.  The  latter  consume  merely  what  may  be  assimilated  into  the  flesh 
of  their  own  bodies,  consequenUy  the  digestive  proceES  is  more  rapid ;  their 
nourishment  is  contained  in  smaller  compass,  and  is  speedily  consumed ;  and 
the  separation  of  the  ezcrementitious  from  the  nutritious  portion  of  their 
food  is  less  complicated  than  it  is  in  herbivorous  animals. 

The  hay  and  grass  on  which  the  ox  feeds  contain  but  a  small  proportiDn 
of  albumen,  fibrin,  and  hi  applicable  to  the  nourishment  and  growth  of  the 
beast;  and,  cm  the  other  hand,  such  food  is  rich  in  woody  fibre,  which  is 
not  appropriate  for  his  nutrition.  Consequently,  this  animal  spends  a  very 
long  time  in  eating,  most  of  which  time  he  employs  in  separating  the  un- 
suitable part  of  his  food  from  that  which  is  suited  to  his  nature.  A  longer 
time  is  spent  in  dissolving  the  materials,  and  in  separating  the  woody  fibre, 
than  is  requisite  for  the  entire  digestive  process  of  the  flesh-eating  b^t. 

In  the  herbivorous  animal  the  food  remains  a  very  long  time  in  the  sto- 
mach, even  after  being  soaked  and  macerated  in  a^^particular  part  of  it,  and 
it  must  be  returned  to  the  mouth,  where  it  is  chewed  a  second  time,  mixed 
with  saliva,  and  rendered  suitable  for  digestion.  The  intestinal  canal  in 
both  beasts  and  birds  of  the  rapacious  orders — the  cat  and  kite,  for  example 
—is  disproportionately  short. 

79.  The  average  weight  of  an  adult  man  neither  i&creases  nor  diminishes. 
But  there  are  exceptions,  such  as  a  great  accumulation  of  fat,  and  the  wasting 
of  the  body  by  sickness  and  disease.  And  from  the  period  when  our  bodies 
have  attained  their  full  development,  all  the  food  which  we  consume  only 
serves  to  maintain  or  support  our  bodies,  but  not  to  enlarge  them.  The 
weight  of  every  particle  of  solid  and  fluid  substances  which  we  receive 
during  a  year  can  be  calculated  as  exactly  as  the  weight  of  what  is  separated 
and  rejected  from  our  bodies.  Independently  of  that  portion  of  our  food 
which  passes  through  the  alimentary  canal,  and  is  rejected  partly  in  a  solid 
and  pi^y  in  a  fluid  form,  we  have  also  to  take  into  consideration  the  per- 
spiration through  the  pores  of  the  skin,  and  the  exhaktions  from  the  lungs. 

80.  All  kinds  of  food  taken  into  the  body  are  not  used  for  the  same  pur- 
pose. Starch,  sugar,  gum,  spirits,  and  fat  are  materials  that  we  constantly 
make  use  of.  None  of  these  contain  nitrogen.  Hence  these  substances 
cannot  in  the  slightest  degree  contribute  to  the  support  and  increase  of  such 
parts  of  our  bodies  as  contain  nitrogen,  such  as  albumen  and  muscular  fibre. 
Yet  neither  the  lives  of  men  nor  of  beasts  can  be  preserved  without  them. 
They  are  essentially  necessary  to  the  maintenance  of  respiration,  and  their 
office  in  the  animal  economy  is  to  contribute  carbon,  which  is  exhaled  from 
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the  body ;  and  in  the  process  of  respiration  there  is  a  constant  and  eqval 
development  of  heat,  and  consequently  all  nutritious  substances  of  the  natora 
of  starch,  gum,  sugar,  alcohol,  and  fat,  may  be  designated  the  supportera  of 
animal  heat. 

81.  For  the  formadon  of  nitrogenous  constituent  parts,  we  require  nitro- 
genous food ;  and  these  are  albumen,  fibrin,  and  casein,  either  TCgetable  or 
animal.  Only  such  foods  as  contain  one  or  more  of  these  substances  can 
supply  to  the  blood  those  constituents  which  this  fluid  conveys  into  all  parti 
of  the  body,  either  for  its  increase  or  renovation.  Hence,  these  may  be  con- 
sidered as  being  devoted  to  the  formation  of  blood,  and  they  are  what  is 
commonly  understood  by  nourishing  aliments  (Chem.  §  150\ 

82.  Suppose  an  animal  fed  on  perfectly  pure  starch  and  albumen — ^he  re- 
ceives all  that  is  necessary  for  the  support  of  respiration  and  the  formatioii 
of  muscular  fibre ;  yet  he  will  not  enjoy  health,  but  must  sooner  or  later  die, 
because  in  these  foods  he  receives  no  pliosphate  of  lime  from  which  the  nuiss 
of  the  bones  is  formed,  and  no  salt,  which  is  also  indispensable  for  the  se- 
cretion of  gastric  juice,  the  most  important  of  the  digestive  fluids. 

If  a  beast  be  foddered  with  turnip,  oil-cake,  potatoes,  distillery  refuse,  &o., 
which  contain  little  or  no  lime,  he  is  not  supplied  with  the  materials  necee* 
sary  for  the  formation  of  his  bones ;  and,  consequently,  these  remain  weak 
while  other  parts  of  his  body  become  so  disproportionably  enlarged  that  the 
bones  break  in  consequence  of  being  unable  to  support  the  weight.  This 
fearful  disease,  called  softening  of  the  bones  (Mollites  ossium),  cannot  aflfect 
cattle  plentifully  supplied  with  clover  and  hay,  which  contain  much  lime 
salts  (comp.  Botany,  §  98). 

Fowls  and  pigeons  eagerly  seek  and  greedily  swallow  whatever  contains 
calcareous  substances  (^I^rtar,  Chem.  §  79).  This  is,  indeed,  indispensable 
to  all  birds,  and  especially  to  domestic  poultry,  which  lay  so  many  eg;gs ; 
sometimes  from  the  deficiency  of  lime  the  egg  b  without  a  proper  shell,  bat 
is,  instead,  enclosed  in  a  soft  membranous  bag. 

Men  and  other  animals  unconsciously  seek  for  nutriment  containing  salt, 
which  is  indispensable  for  them.  And  in  addition  to  the  salt  with  which 
most  natural  springs,  and  many  vegetable  and  animal  substances,  are  more 
or  less  impregnated,  we  use  salt  with  almost  all  our  food;  a  practice  which 
has  been  from  the  earliest  times  considered  as  conducive  to  digestion. 

83.  The  kinds  of  food  most  conducive  to  health  and  growth  are  such  as 
contain  the  necessary  constituents  for  the  development  of  heat,  the  formatioa 
of  blood  and  bones,  and  these  are,  especially,  the  seeds  of  cereals  (vmaoB 
kinds  of  corn),  leguminous  and  other  fruits,  milk,  meat,  eggs,  and  blood. 

84.  From  the  Table  on  page  545,  we  learn,  that  the  cereals,  wheat;  rye^ 
&c.,  contain  both  the  materials  requisite  for  supporting  respiration,  as  starchy 
the  nitrogenous  substances,  as  fibrin,  to  form  blood,  and  phosphate  of  lin&e 
to  form  the  bones.  Bread  and  water  are  sufficient  to  support  a  man  whose 
labour  is  not  immoderately  exhausting.  Rye  and  barley  contain  from  18 
to  24  per  cent  of  woody  fibre  useless  as  food,  and  in  the  proportion  of  ^ 
starch  and  fibrin  which  they  contain  hold  the  next  rank  to  wheat  The  last 
mentioned,  however,  contains  but  a  small  portion  of  lime  salts,  so  small  that 
a  pigeon  fed  with  wheat  exclusively  becomes  rickety.  In  the  cereals,  and 
especially  in  wheat,  the  nitrogenous  constituent  is  mostly  contained  in  the 
exterior  layer,  whilst  the  interior  is  almost  pure  starch.    Hence  the  removal 
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of  this  exterior  layer  renders  the  flour  considerably  whiter,  bat  it  contains 
proportionally  less  nutriment.  In  rice  and  in  potatoes  we  find  a  large  por- 
tion of  starch,  but  very  little  of  what  is  requisite  for  nourishing  the  blood. 
Hence  large  quantities  of  such  food  must  be  consumed  in  order  to  supply 
the  body  with  a  sufficient  portion  of  nitrogen.  It  is  a  well-known  fact  that 
the  inhabitants  of  Ireland  consume  immense  quantities  of  potatoes  as  diet, 
and  the  Negro  can  eat  an  equal  quantity  of  rice.  In  both  cases  so  much 
starch  is  conveyed  into  the  stomach,  that  a  part  of  it  is  rejected  undigested 
and  consequently  unchanged. 

Tabular  View  of  the  Chemical  Constituents  of  the  following  Dietary  Articles: — 


100  Parte  by 
Weight  of  the 

Nutritive  Sab- 
fltanoes— contain 

1.  Non-Nitrogenou8  or 
Calorific  Subetances. 

2.   Nitrogenous  or  Saagni- 
lying  Substances.* 

8.  Substance?  sup- 

Starch. 

Sugar. 

Fat 

Albumen. 

Fibrin. 

Casein. 

Phosphate 
of  Lime. 

Water. 

Rye 

Wheat 

Barley 

Bice 

Potatoes 

Beans 

Peas 

Meat 

Milk 

Blood 

White  of  Egg 
Yolk  of  Egg 

40 
74 
B2 
B5 
15 
42 
42 

2 

4 

5 
Trace. 
Gum  4 
Trace. 

2 

*4 

Trace. 

bV 

3-' 
0-4 

29-* 

i- 

6- 

12- 

Vi 

4 

7 
14 

r 

8 
11 

8.6 

28* 
13-'8 

18-20 
18 

6* 

? 

0-08 
0-24 
0-4 

1-0 
20 

0-6 
0-9 

10 
10 
11 
6 
76 
28 
13 
77 
87 
78 
8a-86 
64 

♦Compare  Chemistry,  §  162,  158. 

Peas  and  beans  are  the  most  nutritious  of  vegetable  substances,  on  account 
of  the  very  considerable  amount  of  nitrogenous  casein  which  they  contain, 
and  approximate  to  flesh.  The  latter  (flesh)  which  consists  entirely  of  blood- 
producing  fibrin,  is  preferable  to  beans  and  peas  in  being  more  easily  diges- 
tible. Alone,  the  flesh  does  not  contain  sufficient  carbon  to  support  respiration, 
but  it  is  generally  accompanied  with  fat  which  is  productive  of  heat. 

In  no  kind  of  food,  however,  do  we  meet  with  a  more  favourable  combi- 
nation of  nutritious  constituents  than  in  milk,  which  contains  sugar,  fat, 
casein,  the  requisite  salts  in  solution ;  and  hence  it  is  the  only  food  provided 
naturally  for  the  young  of  all  the  mammifera,  as  well  as  for  those  of  the 
human  race. 

85.  As  all  the  substances  assimilated  in  the  body  must  be  reduced  to  a 
fluid  form,  the  constant  presence  of  a  certain  quantity  of  water  is  necessary 
in  order  to  eflect  the  solution  of,  and  to  convey  the  nutritious  particles.  This 
watery  fluid  is  partly  contained  in  the  food  itself,  and  is  partly  taken  as  drink. 
Milk  is  the  only  food  which,  with  so  much  nutritive  matter,  also  contains 
the  requisite  amount  of  water. 

Our  bodies  like  plants  require  more  water  for  dissolving  solid  food  than 
can  be  assimilated,  and  there  is  consequently  a  portion  of  fluid  to  be  sepa- 
rated. This  process  is  accomplished  in  three  diflerent  ways;  but  on  an 
35 
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average  it  may  be  assumed  <ihat,  of  the  entire  qnantify  of  water  which  is  to 
be  removed,  one-fif^h  passes  away  by  the  longs,  0De<£fUi  through  the  skin 
by  perspiration,  and  three-fifths  as  urine. 

86.  The  renal  artery  (artery  of  the  kidneys)  condocts  the  blood  in  its 
circuktion  through  the  kidney,  which  are  two  glandular  organs  plaoed  in 
the  abdomiiMil  cavity,  and  their  function  is  to  separate  or  secrete  from  the 
blood  a  portion  of  superfluous  water  together  with  several  other  substances 
which  it  holds  in  solution.  These  are  used-up  particles  or  detritus  of  the 
body,  which  the  blood  in  its  course  takes  up,  especially  from  the  muacl^ 
and  are  with  the  urine  conveyed  from  the  kidneys  into  the  bladder  whence 
they  are  ejected  from  the  body. 

87.  The  quantity  of  food  necessary  for  the  support  of  a  man  depends  both 
on  the  temperature  and  moisture,  or  dryness  of  ^e  atmosphere,  and  also  on 
the  circumstances  of  the  individual  himself.  As  a  general  rule  it  may  be 
stated,  that  the  colder  and  moister  the  climate,  the  more  nourishment  is 
requisite.  This  greater  appetite  for  food  is  oocasioned  by  the  loss  of  caloric 
expended  in  respiration,  which  deficiency  must  be  supplied  by  an  increased 
consumption  of  food. 

It  is  a  fact  generally  known,  that  the  inhabitants  of  warm  countries  require 
considerably  less  food  than  those  of  temperate  and  cold  climates;  and  that 
the  inhabitants  of  the  fri^d  lones,  especially,  consume  large  quantities  of 
calorific  materials  (comp.  \  80).  The  Laplanders,  for  example,  drink  train 
oil  in  large  quantities.  Hence  the  stronger  appetite  of  the  natives  of  the 
north,  which  appears  to  us  so  enormous,  is  by  no  means  to  be  accounted 
gluttony  or  excess,  but  what  the  exigencies  of  their  circumstances  fully 
justify.  The  excessive  cold  of  their  climate  can  only  be  endured  by  their 
receiving  copious  supplies  of  warmth-producing  food. 

88.  In  every  muscular  motion,  there  is  a  portion  of  the  muscle  so  moved 
used  up  or  spent.  This  loss  of  muscular  substance  must  be  repaired  or  re- 
newed in  order  that  the  muscle  may  be  in  a  condition  to  repeat  the  motion. 
No  muscular  motion  can  be  perpetual ;  perpetual  movement  or  friction  would 
speedily  diminish  the  substance  of  the  body,  and  in  time  would  wear  it  oat 
In  all  animals,  after  long  and  continued  exertion  or  expenditure  of  muaonlar 
force,  a  feeling  of  lassitude  is  apparent,  whi<^  is  succeeded  by  a  period  of 
repose,  which  we  call  s^eep.  In  man  the  average  period  of  muscular  motion 
IB  seventeen  hours  a  day;  and  seven  hours  are  generally  spent  in  rest  ix 
sleep.  During  the  latter  period  his  muscles  are  restored  by  a  sufficient 
increase  of  fibrous  substance,  and  are  thus  prepared  for  a  subsequent  expen- 
diture of  muscular  energy. 

Hence  it  is  clear  that  those  who  endure  severe  and  long-continued  bodily 
exertions,  and  thereby  expend  a  more  than  ordinary  proportion  of  muscnlar 
substance,  require  proportionally  a  larger  supply  of  food  whereby  this  losa 
may  be  compensated :  and  for  this  purpose  they  should  receive  the  most 
nutritious  kinds  of  food,  as  bread,  meat,  leguminous  fruits,  cheese,  and  sim- 
ilar aliments.  .  ' 

^  V  in.  ORGANS  OF  SENSE. 

89.  The  organs  of  sense  do  not  consist  of  a  simple  formation,  but  of  a 
union  of  the  several  parts  we  have  before  described.    In  them  we  find  bones. 
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nmflolesy  nerves^  and  blood-yessels,  and  in  this  respect  they  may  be  Tiewed 
as  componnd  organs. — ^We  distingoish  five  organs  of  sense^  vix.,  Uie  skin^ 
the  tongue,  the  nose,  the  ear,  and  the  eye. 

1.  The  Skin. 

90.  The  skin  is  the  organ  of  feeling,  and  covers  the  entire  surface  of  the 
body.  It  consists  of  three  different  skins  or  layers — ^namely,  of  the  skin 
proper,  the  mnscnlar  kyer,  and  the  cellular  tissue. 

(a.)  The  skin  forms  the  exterior  covering  of  the  whole  body ;  and  is  evi- 
dently composed  of  three  distinct  layers,  viz.,  the  epidermis  or  cutide,  the 
rete  mucosum,  and  the  cutis  vera  or  true  skin. 

The  epidermis  is  a  thin,  transparent  membrane,  without  sensibility.  It 
may  be  perforated  by  a  sharp-pointed  instrument  and  raised  up.  In  some 
places  by  friction  and  pressure  it  is  thickened,  and  forms  calionties,  or  ooms, 
as  they  are  commonly  termed. 

The  pores  are  the  very  numerous  and  minute  apertures  of  the  skin ;  and 
in  simtuir  depressions  are  the  roots  of  the  hair.  Both  these  organs  will 
form  the  subject  of  further  consideration. 

Beneath  the  epidermis  is  the  rete  mucosum,  which  is  properly  the  under 
part  of  the  epidermis.  This  layer  exhibits  no  organised  structure,  and  is 
chiefly  remarkable  for  assuming,  under  certain  climatic  influences,  peculiar 
colours,  whereby  the  inhabitants  of  different  regions  of  the  earth  are  distin- 
guished ;  as,  for  example,  the  black  or  swarthy  complexion  of  the  Nem, 
Drown  of  the  Malay,  the  copper  colour  of  the  American  Indians,  the  yellow 
complexion  of  the  Chinese,  and  the  pale  or  colourless  skin  of  the  Whites, 
as  they  are  called.  With  the  whites  of  temperate  climates  the  red  blood- 
vesseb  lying  immediately  under  the  skin  shine  through  the  upper,  and 
impart  to  the  surface  a  red  colour,  as  in  the  lips  and  cheeks. 

The  cutis  vera  forms  the  essential  part  of  Uie  vascular  skin,  and  conusts 
of  a  thick,  tough  layer  of  fibres,  vessels,  and  nerves  thickly  interwoven. 
When  this  is  £reed  from  the  upper  layers  and  hairs,  it  is  [in  the  case  of  some 
animals,  after  being  subjected  to  the  process  of  tanning]  employed  as  leather. 

On  examining  the  cutis  of  man  with  a  microscope,  an  infinite  number 
of  minute  papittas  or  prominencies  are  discovered,  consisting  of  bundles  of 
fine  nervons  threads  which  terminate  in  them,  and  are  the  seat  of  sensation. 
They  are  easily  perceived  on  the  inner  surface  of  the  fingers,  forming  linear 
elevations. 

91.  (5.)  The  muscular  layer  consists  of  a  thin  layer  of  muscular  fibres 
extendeii  under  the  skin,  and  in  the  human  subject  is  present  only  in  certain 
parts,  as  on  the  neck  and  head.  In  many  animals,  as  the  hedge-hog,  this 
layer  is  drawn  over  the.  whole  of  the  body  (comp.  §  29). 

(c.)  The  cdhdc^  layer,  which  is  also  called  cellular  tissue,  oonstitntes  the 
tiiird  layer  of  the  covering  of  the  body,  and  in  many  places  where  the  mus- 
cular layer  is  wanting,  the  second.  It  consists  oi  a  loose  tissue  filled  with 
fat,  and  is  slightly  developed  in  lean  subjects,  but  abundantly  in  those  who 
are  fat 

92.  The  hair,  the  nails,  the  scales,  the  feathers,  and  horns  belong  to  the 
skin. 

The  hwrs  are  inserted  by  roots  or  bulbs,  into  depressions  of  the  skin. 
They  grow  only  from  the  roots,  possessing  neither  nerves  nor  any  other 
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eular  organisation,  so  that  they  can  be  cut  wiUiout  any  perceptible  pain. 
The  hairs  are  hollow,  and,  like  the  rete  mucosum,  are  filled  with  a  fluid 
which  communicates  to  them  their  peculiar  colour. 

The  nails,  scales,  and  feathers  may  be  considered  as  highly-developed 
hairs  growing  together  from  their  roots :  they  are  also  devoid  of  feeliug  and 
grow  from  their  roots.  The  same  remark  applies  to  the  horns;  and  when 
these  in  many  animals  are  less  perfectly  developed,  as,  for  instance,  the  horn 
of  the  rhinoceros,  they  may  be  distinctly  shown  to  consist  of  agglutinated 
hairs.  All  these  cuticular  excrescences  agree  in  their  chemical  constituents; 
100  parts  contain  61  parts  of  carbon,  7  of  hydrogen,  18  of  nitrogen,  24  of 
oxygen,  with  a  small  portiou  of  sulphur.  By  reason  of  the  large  propor- 
tion of  nitrogen  which  they  contain,  they  ai*e  extensively  employed  in  the 
manufacture  of  Prussian  blue  (Chem.  §  92). 

93.  The  numerous  capillary  vessels,  spread  all  over  the  vascular  skin, 
bring  the  blood  which  they  contain  into  close  proximity  to  the  entire  sur- 
face of  the  body  and  with  the  atmosphere,  which  only  by  the  walls  of  these 
vessels  and  epidermis  is  prevented  from  immediate  contact  with  them.  For 
since  the  skin  is  not  impermeable,  portions  of  the  constituents  of  the  blood 
are  evaporated  and  appear  through  the  small  apertures  of  the  epidermis  as 
the  moisture  which  we  call  sweat  or  pcr^iration. 

The  perspiration  is  chiefly  composed  of  water.  It  contains,  however, 
many  volatile  substances  distinguished  by  a  peculiar  odour.  The  quantity, 
on  iLe  whole,  amounts  to  one-fifth  of  the  fluid  matter  which  is  separated 
from  the  body.  This  evaporation  by  the  skin  is  essential  to  the  health  of 
the  body,  and  a  decrease  of  this  activity  of  the  skin  is  always  injurious. 
Animals,  when  their  pores  are  stopped  by  a  coating  of  varnish  spread  over 
the  skin,  speedily  perish.  An  increased  perspiration  is  occasioned  by  all 
causes  which  excite  a  copious  flow  of  blood  to  the  skin,  also  by  external 
heat,  powerful  exertion,  warm  drinks,  &c.  The  skins  of  the  carnivora  have 
no  pores;  consequently  they  do  not  perspire,  and  need  smaller  quantities  of 
water. 

2.  The  Tongue. 

'  94.  The  tongue  is  the  organ  of  taste.  This  organ,  which  may  be  con- 
sidered a  distinct  and  highly-developed  portion  of  the  skin,  is  provided,  all 
over  its  surface,  with  small  prominences  called  the  gustatory  papillae,  which 
are  distinctly  discernible.  .The  muscular  skin  is  present  in  the  form  of  two 
powerful  muscles  which  give  mobility  to  the  tongue,  and  assist  in  the  opera- 
tions of  macerating  and  swallowing  the  food.  The  tongue  performs  also  an 
important  part  as  one  of  the  principal  vocal  organs,  and  hence  it  may  be  also 
termed  the  organ  of  speech  as  well  as  that  of  taste. 

Only  such  bodies  as  are  soluble  in  water  afleot  the  organ  of  taste.  Per- 
fectly insoluble  substanoes  are  called  tasteless,  such,  for  example,  as  flint, 
coal,  &c.  Hence  the  power  of  tasting  possessed  by  the  tongue  is  constantly 
supported  by  its  contiguity  to  the  salivary  glands  (§  47),  which  secrete  the 
aqueous  saliva,  whereby  the  substances  put  into  the  mouth  are  partly  dis- 
solved and  hence  made  perceptible  to  the  taste. 

The  tongue  is  met  with  as  a  visible  organ  in  the  vertebrata  and  in  many 
of  the  invertebrata.  But  though  in  many  of  the  lower  animals  this  organ 
IS  wanting,  yet  the  sense  of  taste  is  certainly  possessed.    This  is  evident 
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from  their  selection  of  partacnlar  kiDds  of  food,  as  is  the  case  with  caterpil- 
lars, which  prefer  one  plant  and  reject  another. 

8.  The  Nose. 

95.  The  nose  is  the  organ  of  smelL  Its  essential  part  is  the  turbinated 
hones,  which  consist  of  thin  convoluted  plates,  covered  by  the  mucous  mem- 
brane of  the  nose  or  pituitary  membrane.  Bj  means  of  a  secretion  of 
mucus  it  is  kept  continually  moist,  and  this  condition  is  necessary  for  the 
perception  of  odours,  since  the  same  membrane  when  dry  is  deprived  of  the 
sense  of  smell.  The  same  incapacity  for  smell  is  also  occasioned  by  a  too 
abundant  secretion  of  mucus,  as,  for  example,  during  a  cold.  In  a  very 
limited  space,  the  pituitary  membrane  exposes  a  surface  of  several  square 
feet  to  the  influence  of  odoriferous  objects,  and  may  be  compared  to  aroUed-up 
sheet  of  paper,  which  in  a  small  space  has  the  same  extent  of  surface  as 
before. 

Such  substances  alone  are  odoriferous  as  possess  the  property  of  assuming 
a  gaseous  form  —  all  others  are  termed  inodorous.  It  is  remarkable  what 
very  minute  particles,  of  matter  may  be  perceived  by  the  smell :  if  a  grain 
of  musk  be  placed  in  a  room,  the  odour  fills  the  whole  space,  and  after  a 
time  pervades  every  part  of  the  house.  Yet  we  do  not  find  after  weighing 
it  ID  the  finest  and  most  delicate  balance,  that  any  sensible  diminution  of  its 
weight  has  taken  place.  This  organ  is,  therefore,  one  of  the  most  import- 
ant, as  it  informs  us  of  the  presence  of  much  of  which  our  other  senses  can 
give  us  no  intimation.  It  is  known  that  the  savage  can  smell  smoke  for 
many  miles ;  that  camels  in  the  parched  deserts  smell  the  water  long  before 
tbey  approach  it,  and  perceptibly  quicken  their  speed  that  they  may  the 
Booner  reach  the  watering-place ;  that  the  hound,  guided  by  the  scent  alone, 
will  follow  the  game  or  his  master  for  many  hours  without  intermission. 

96.  In  men,  the  nasal  cavity  opens  into  the  cavity  of  the  mouth  by  two 
passages  placed  behind  the  palate,  so  that  the  air  can  be  drawn  in  through 
the  nostrils  for  respiration,  and  through  which  it  generally  enters  during 
sleep.  This  organisation  is  found  in  mammals,  birds,  and  reptiles;  but  in 
fishes  it  has  a  different  situation. 

The  lower  orders  of  animals  have  no  visible  organs  of  smell.  Yet  they 
are  not  all  totally  destitute  of  this  sense;  for  example,  the  carrion-beetle 
(Todtengraber)  scents  the  decomposing  bodies  on  which  it  preys,  and  moths 
avoid  strong-smelling  substances. 

4.  The  Ear. 

97.  The  ear  is  the  organ  of  hearing.  It  is  always  double,  consisting  of 
the  external  and  internal  ear.  The  external  ear  (fig  10),  is  contracted  into 
the  meatus  auditorius  extemusy  or  external  passage,  which  is  terminated  by 
a  very  elastic  membrane  (Membrana  tympani)  behind  which  lies  the  tympa- 
num. The  cavity  of  the  tympanum  is  connected  with  the  mouth  by  a  tube, 
which  admits  of  the  entrance  of  air.  This  explains  the  reason  why  deaf 
persons  open  their  mouths  when  listening.  In  the  cavity  of  the  tympanum 
there  is  a  series  of  small  bones,  which  are  named  from  their  shapes,  viz.,  the 
hammer  (malleus)  fig.  11  a  and  fig.  12  d.  The  anvil  (incus)  6,  the  os 
orbiculare,  c,  and  the  stirrvp  ring  d  (stapes).     The  labyrinth  (fig.  10)  is 
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10. 
[This  figure  represents  a  Tertioftl  sectioii  of  the  anditory  apparatus,  of  which  the 
interior  parts  are  slightly  magnified  to  render  them  more  distinct :  a,  the  tragos; 
6,  the  lobe  of  the  ear ;  e,  the  little  eminence  called  antitragns ;  cf,  the  conch  of  the 
ear,  the  end  of  which  is  continuous  with  the  external  auditory  meatos,  /;  ee^  portion 
of  the  temporal  bone  called  the  petrous  portion,  In  which  is  lodged  the  auditoiy 
apparatus ;  0^,  the  mastoid  process  of  the  temporal  bone ;  tf'^  portion  of  the  glenoid 
fossa  of  the  temporal  bone,  in  which  the  lower  jaw  is  articulated  ;  tf"^  the  8tyl(ud 
process  of  the  temporal  bone,  serving  for  the  attachment  of  muscles  and  ligaments 
of  the  08  hyoides;  t^'^',  extremity  of  the  canal  which  the  internal  carotid  arteiy 
passes  through  to  enter  the  carity  of  the  cranium ;  /,  the  external  meatus  auditorios; 
g^  the  membrana  tympani ;  A,  the  tympanum  from  which  the  small  bones  hare  ben 
remoYod ;  1,  opening  leading  Arom  the  cavity  of  the  tympanum  to  the  cells  in  the 
petrous  bone ;  in  the  internal  wall  of  the  tympanum  are  perceived  the  two  openings 
called  fenestra  ovalis  and  rotunda ;  Ar,\J5ustachian  tube/  leading  fh>m  the  tympanum 
to  the  back  of  the  pharynx ;  /,  the  vestibule ;  m,  semicircular  canals;  »,  the  cochlea; 
0,  the  auditory  nerve.] 


( 


a 
11. 

a.  Malleus. 

b.  The  Incus. 

e,  Os  orbiculare. 
d.  The  stapes. 


compoeed  of  the  cochlea,  n,  and  the  vestibule,  l,  ihefena- 
tra  ovalisj  and  the  semicircular  canals,  m.  The  cochlea 
and  the  vestibnle  are  full  of  a  watery  fluid  in  which  the 
fibres  of  the  avditory  nerve,  o,  are  expanded. 

Without  any  precise  scientific  knowledge  of  these  indi- 
yidual  organs  and  their  functions,  a  general  idea  may  be 
formed  of  the  process  of  hearing,  viz.,  that  the  waves  of 
sound  are  collected  by  the  external  ear,  and  conveyed  to 
the  membrane  of  the  tympanum,  which  is  thereby  set  in 
motion,  and  this  is  communicated  through  the  small  bones 
to  the  fluid  of  a  labyrinth,  and  thus  to  the  auditory  nerve. 

The  most  essential  portion  of  the  organ  of  heanng  is 
the  nerve.  The  tympanum  may  be  injured,  and  the  series 
of  small  bones  deranged,  without  being  followed  bj  a  total 
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[This  figure  representfl  the  external  wall  of 
the  tTpannm,  themembranatympani,  the  small 
bones  of  the  ear  and  their  muscles,  the  whole 
magnified ;  aa,  cavity  of  the  tympanum ;  b, 
the  membrana  tympani ;  c,  the  manubrium  of 
the  malleus,  of  which  the  extremity  rests  upon 
the  meml^ane  of  the  tympanum  ;  d,  the  head 
of  the  malleus  articulating  with  the  incus ;  e, 
process  of  the  malleus  giving  rise  to  the  ante- 
rior muscle ;  /,  internal  muscle  of  the  malleus ; 
fff  the  incus  artioulating  with  A,  the  os  orbicu- 
lare ;  t,  the  stapes  articulating  with  the  or- 
bicular bone,  and  resting  upon  the  fenestra 
OYalis  ;  A;,  the  muscle  of  the  stapes.] 


12. 


loss  of  hearing.  In  many  animals,  crabs  for  example,  this  organ  consists 
merely  of  a  vesicle  filled  with  fluid  through  which  the  auditory  nerve  is 
spread  out. 

The  mammifera  alone  have  an  externally  visible  ear.  In  reptiles  and 
fisbea  the  ear  is  covered  over  with  the  skin,  and  in  birds  there  is  but  a  simple 
aperture.     In  the  lower  orders,  with  few  exceptions,  this  organ  is  unknown. 


\ 


,/ 


5.  The  Ete. 


98 «  The  eye  is  the  organ  of  sight, 
parts,  and  subsequently  its  functions. 


We  will  first  describe  its  individual 
The  eye,  with  all  its  integuments,  is 


named  the  eyohaUj  represented  by  a  lateral 
section,  fig.  13.  Considering  the  eye  from 
the  inside  to  the  outside,  we  find  that  its  in- 
terior consists  of  a  transparent  ball,  the  sub- 
stance of  which  is  gelatinous,  and  is  called 
the  vitreous  humour,  v.  This  transparent 
l)all  is  enveloped  by  three  coats,  the  inner- 
most of  which  is  the  retina^  r,  which  is  an 
expansion  of  the  optic  nerve.  The  retina  is 
covered  by  the  tunica  choroides,  c  A,  which 
derives  its  name  from  the  numerous  blood- 
vessels which  are  present,  and  communicate 
to  it  their  red  colour.  Its  anterior  portion  terminates  with  the  brown,  grey, 
or  blue  coloured  iris,  i.  In  the  centre  of  the  iris  is  the  pupil,  p,  and  be- 
neath the  iris  are  the  ciliary  vessels,  p  c.  The  whole  inner  surface  of  the 
tunica  choroides  is  covered  with  a  hlaclc  pigment,  and  the  eye  is  similar  to 
9  small  dark  chamber  only  lighted  by  the  pupil.  Occasionally,  this  pigment 
is  wanting,  so  that  the  red  vessels  appear  through  the  transparent  membrane, 
and  communicate  a  red  colour  to  the  eyes.  Men  with  such  eyes  are  called 
Albinos,  They  cannot  easily  bear  the  light.  This  is  also  the  case  with 
ferrets  and  white  rabbits,  &c.,  whose  eyes  are  red. 

The  third  and  outermost  coating  or  membrane  of  the  eye  is  called  the 
sclerotic  tunic  (tunica  sclerotica),  s.  It  is  like  porcelain,  white  and  strong, 
and  protects  the  softer  and  inner  parts.     The  fore  part  is  the  cornea,  c,  some- 
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what  more  convez  and  perfectly  transparent.  Between  the  ooraea  and  the 
iris  is  situated  the  chcumher  c  a,  which  is  filled  with  a  coloarless  tmnsparent 
fluid. 

The  cryitaUine  lensy  c  r^  is  situated  just  hehind  the  pupil,  and  oonsistB  of  a 

felatinous  perfectly  transparent  substance,  more  solid  than  the  vitreomt 
umour,  Vf  which  fills  up  the  posterior  chamber  of  the  eye.  All  these  parts 
may  be  clearly  seen  in  the  dissection  of  a  bullock's  eye.  From  this  the  crys- 
talline lens  may  be  abstracted,  and  by  inspection  any  one  may  convince  him- 
self that  it  possesses  the  properties  of  a  convex  lens  prepared  from  glass  or 
crystal ;  and  also  that  the  structure  and  functions  of  the  eye  (the  sight)^  are 
in  perfect  accordance  with  the  principles  of  optics,  which  have  been  explained 
in  our  treatise  on  Physics  (§  142). 

n.  CLASSIFICATION  AND  DESCRIPTION  OF  ANIMALS. 

99.  In  the  foregoing  brief  outline  of  anatomy  and  physiology,  we  have 
selected  the  human  subject,  because  the  body  of  man  is  composed  of  a  greater 
number  of  organs,  in  a  higher  state  of  development,  than  is  to  be  found  in 
any  other  terrestrial  anim^.  Adopting  the  human  body  as  the  standard,  we 
compare  with  this  all  other  animals,  and  assign  to  them  their  relative  places 
in  the  animal  kingdom,  either  higher  or  lower,  according  as  they  approach 
this  standard,  or  are  remote  from  it. 

Animals  approaching  nearest  to  man,  either  in  the  number  or  the  develop- 
ment of  their  individual  organs,  occupy  a  higher  place  in  the  systematio 
arrangement  than  such  as  exhibit  a  greater  or  less  deficiency  either  in  the 
number  or  development  of  their  organic  apparatus. 

Notwithstanding,  the  practical  distinction  of  animals  is  not  unattended 
with  considerable  impediments  ]  inasmuch  as  the  external  forms  of  analogous 
organs  in  many  animals  vary  very  considerably  from  that  of  the  human 
species.  For  example,  the  respiratory  organ  in  the  insect-class  is  merely  an 
elongated  air-cell  passing  through  the  whole  body,  and  bears  no  resemblanoe 
to  our  lungs,  except  in  Unction. 

From  the  manifest  difficulty  there  is  in  estimating  the  importance  of  diag- 
nostic characters,  there  are  different  views  entertained  in  reference  to  classi- 
fication. Some  naturalists  assign  a  higher  rank  to  the  molluscous  orders 
than  to  insects,  whilst  others  place  them  lower.  Upon  the  whole,  however, 
they  are  all  agreed  upon  the  fundamental  principles  of  a  systematic  arrange- 
ment, and  it  will  be  of  far  greater  importance  for  us  to  learn  the  distinguish- 
ing characteristics  of  the  difierent  animals  than  to  balance  the  merits  of  the 
various  systems  proposed  for  their  systematic  classification. 

At  the  present  time,  about  48,870  genera  of  animals  are  known  and  accu- 
ratcly  described,  and  it  may  be  assumed  that  the  number  actually  existing  is 
not  fewer  than  88,000,  which,  with  the  addition  of  petrified  remains  of  ani- 
mals not  hitherto  found  in  a  recent  state,  viz.,  12,000,  will  make  a  grand 
total  of  probably  above  100,000  genera.  It  has  been  already  stated  in  §  25 
that  they  are  all  divisible  into  two  principal  groups,  viz.,  animals  that  have 
no  vertebral  column,  tjivertehrata,  forming  the  one  group;  and  such  as  have 
a  vertebral  column,  vertebrata,  forming  the  other. 

These  two  principal  groups  are  divided  into  classes;  the  classes  are  divided 
into  orders^  and  subdivided  \xiU>  families ;  these  contain,  as  in  botany,  seve- 
ral species  of  a  similar  kind,  which  constitute  a  genus^  or  famil^y. 
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It  IS  evident  that  an  adequate  description  of  this  immense  number  of 
Hving  creatures  &r  exceeds  the  limits  of  any  elementary  work.  The  present 
is  only  intended  to  show  the  importance  of  classification,  and  to  exemplify 
^e  classes  and  orders  by  a  general  description  of  the  most  remarkable  ani- 
mals in  each.  The  student  who  desires  to  follow  up  the  subject  is  referred 
to  special  works  on  the  science  of  Zoology.  The  following  table  exhibits  a 
Tiew  of  the  classes  and  orders  of  the  animal  kingdom : — 

Tabular  View  of  the  Animal  Kingdom. 

A. — ^Vertebrata. 

Animals  with  an  interior  osseous  jointed  apparatus  (skeleton),  containing 
the  brain  and  spinal  chord,  which  is  conveyed  through  the  vertebral  canal, 
with  red  blood  contained  in  a  vascular  system  of  arteries,  veins,  and  absor- 
bent vessels. 


aassM. 

Orden. 

I.  Mammalia, 

Red,  warm  blood ;  heart  with  two  auricles  and 

1.  Bimana. 

two  Tentricles;  with  lungs;  producing  their  young 

2.  Quadrumana. 

fdiYe,  and  nourishing  them  with  their  milk ;  bodies 

8.  Cheiroptera. 

hairy,  with  few  exceptions.    Number  of  known 

4.  Gamivora.                     / 

genera  =:  1600. 

5.  Marsupialia.     * 

6.  Rodentia.     ^ 

7.  Edentata. 

8.  Pachydermata  multungnla. 

10.  Ruminantia. 

11.  Pinnipeda. 

12.  Cetacea. 

IL  Aves  (Birch), 

Bed,  warm  blood ;  heart  with  two  auricles  and 

1.  Rapaces. 

two  ventricles;  with  lungs;   lay  eggs;   bodies 

2.  Incessores. 

coTered  with  feathers ;  anterior  members,  wings. 

8.  Rassores,  seu  Gallinacee. 

Number  of  known  genera  ^  6000. 

4.  Cursores. 

6.  Grallatores. 

6.  Natantes. 

TIT.  AmpUbia  {ReptiUt), 

Red,  cold  blood;  heart  with  two  auricles  and  with 

1.  Chelonii— turtles. 

a  simple  or  imperfectly  divided  yentricle ;  breathe 

2.  Sauri— lizards. 

through  lungs  and  partly  through  gills ;  lay  eggs; 

8.  Serpentes— serpents. 

skin  scaly  or  naked.    Number  of  knowA  genera  = 

4.  Batrachia — ^Frogs. 

1500. 

IV.  PUces  {Fishes.) 

Heart  with  one  auricle  and  one  ventricle;  red. 

1.  Plagiostomi. 

cold  blood ;  breathe  through  gills ;  lay  eggs ;  have 

2.  EleutherobranchL 

members  adapted  for  swimming,  and  a  scaly  skin. 

8.  Cyclostomi. 

Number  of  genera  =a  5000. 

4.  Pectognathi. 

5.  liophobranohi. 

6.  Malacopterygii. 

7.  Acanthopterygii. 
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B.  iNYBTIBaATA. 

No  brain  nor  spiml  chord;  eitherwith  smaller ganglionio ceniras  or  knots 
nnited  by  nerres;  or  with  a  ample  nervei  or  wim  no  traces  of  a  nerroos 
system. 


CHaMoa. 

Orden. 

V.  Crustacea, 

Limbs  jointed  with  more  than  three  pairs  of  feet ; 
with  mostly  two  feelers  (antenn©) ;  eyes  mostly 
compound,  with  gills  or  i^-saos. 

VL  Ifueeta  (InseeU). 

1. 
2. 
8. 
4. 
6. 
6. 

I 

9. 

Decapoda. 

Stomapoda. 

Amphipoda. 

Lemedipoda. 

Isopoda. 

Gladooera. 

Phyllopoda. 

Copepoda. 

Ostropoda. 

Head  and  trunk  separated  by  a  neok ;  jointed 
jnembers ;  three  pairs  of  feet ;  one  pair  of  feelers 
(antennas);    eyes   compound;    with    pulmonary 

VIL  Araeknida  {Spiders.) 

1. 
2. 
8. 
4. 
6. 
6. 

Coleoptera. 

Orthoptera. 

Neuroptera. 

Lepidoptenu 

Hemiptera. 

Diptera. 

Head  and  trunk  not  separated  by  a  neck ;  gene- 
rally four  pairs  of  limbs ;  simple  eyes ;  no  feelers ; 
breathe  through  pulmonaiy  sacs  and  tubes ;  with- 
out metamorphosis. 

1. 
2. 

Pulmonary  arachnidans. 
Tracheal  arachnidans. 

YIIL  Armulata  (Worms). 

Bodies  considerably  elongated,  c<nnposed  of  a 
euoeession  of  annular  segments;  without  limbs; 
breathe  by  piUmonary  sacculi  (sacs)  ;   generally 
with  red  blood;  aquatic,  except  the  earthworm. 

1.  Dorsibranchiata. 

2.  Annelida. 
8.  Tubicola. 

IX.  MoUusea  {MoUusks.) 

Bodies  soft,  with  slimy  skin ;  a  complete  rascu- 
lar  system ;  mostly  enclosed  in  one  or  two  calca- 
reous shells. 

1. 
2. 
8. 
4. 
6. 
6. 
7. 

Cephalopoda. 

Pteropoda. 

Conchifera. 

Gasteropoda. 

Brachiopoda. 

Tunioata. 

Mostly  radiated  bodies  with  a  coriaoeons  or  cal- 
careous integument,  in  which  the  mouth  and  anal 

1.  Fistularia. 

2.  Echinida. 
8.  Asteroida. 
4.  (Mnoidea. 
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Olanef. 

Orden. 
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and  figure ;  witli  no  tentacoli :  Uto  in  other  ammals. 
Xn.  Aealepha, 

1.  Filiformes. 

2.  Echinorynchi. 
8.  Sterilmintha. 
4.  CkBlelmintha. 

Marine  aquatics  with  gelatinou3  pellucid  bodies ; 
irith  a  yascular  system ;  filiform  tentaculi ;  traces 
of  nerres ;  floating  ftreely. 

XHL  Polypi. 

1.  Pulmonigrada. 

2.  CUogrado. 
8.  Physograda. 
4.  Cirrigrada. 
6.  Diphyda. 

Bodies  gelatinous  or  fleshy,  mostly  attached; 
mouth  provided  with  radiating  filiform  tentaculi ; 
whole  interior  consists  of  an  alimentary  sac ;  in- 
oreasing  by  germs  and  dirisions. 

XIV.  Infiuoria:    Polygattriea. 

1.  Sea  anemonies. 

2.  Corallidae. 

8.  Tubular  homy  polypL 
4.  Sea-pen. 
6.  Hydns. 

Bodies  gelatinous,  pellucid ;  composed  of  nume- 
rous alimentory  sacs  or  tubes ;  their  fluids  haye  a 
kind  of  circulation ;  no  nerrous  system ;  micro- 
scopic animals ;  moring  freely. 

1.  Anentera,  without  an  intes- 
tinal canal. 

A.— VERTEBRATA. 

100.  The  yertebnl  oolamn  is  the  essential  distingiiishiiiff  mark  of  the 
more  highly-developed  classes  of  the  animal  kingdom :  this  rorms  the  carti- 
laginous or  bony  covering  of  the  fepinal  chord,  which,  united  with  the  never- 
failing  brain,  and  with  the  nerves  emanating  from  both,  forms  the  highly- 
developed  nervous  system,  by  means  of  which  sensation  and  great  activity 
are  communicated.  The  very  complicated  external  oi^ns  of  sensation  in 
this  grand  division  form  a  striking  contrast  with  the  supposed  analogous 
organs  present  in  animals  of  the  invertebrate  sub-kingdom. 

The  higher  rank  of  the  vertebrate  classes  of  the  creation  is  further  mani- 
fested by  their  internal  jointed  skeleton ;  a  complex  and  curious  alimentary 
canal ;  a  muscular  motive  system ;  a  system  of  arteries,  veins,  and  nerves, 
for  the  drculation  of  the  fluids  and  for  the  communication  of  sensation. 
The  multiplicity  and  complexity  of  their  organisation  necessarily  demand  a 
larger  extent  of  space  than  the  bodies  of  the  invertebrata.  The  smallest 
of  the  vertebrata,  even  of  those  whose  fineness  of  organisation  is  scarcely 
visible,  unless  when  under  a  magnifying  power,  are,  when  contrasted  with 
the  greatest  number  of  the  invertebrata,  proportionallv  of  gigantic  size.  In 
variety  and  number,  however,  they  are  far  surpassed  by  the  latter  group. 

The  higher  classes,  in  their  relations  and  analogies  to  the  human  race, 
are  more  extensive  and  remarkable  than  those  of  the  inferior  classes.  Their 
ravages  are  less  injurious,  and  more  easily  prevented|  than  the  invisible  depre* 
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datioDS  and  destracdye  devastatioiis  of  many  of  the  inflBrior  grades  of  ani- 
mated creatures. 

The  vertebrata  are  divided  into  four  classes)  yiz.^  mammalia,  birds^  rep- 
fcilesy  and  fishes. 

First  Class.    Mammalia. 

101.  This  class  comprehends  the  most  perfect  forms  of  animal  life^  and 
presents  manifold  diagnostic  marks  of  distinction  from  other  classes.  The 
most  obvious  of  these  is,  that  tbej  bring  forth  their  yonng  alive,  and  nourish 
them,  while  young,  with  their  own  milk.  Their  bodies  are  ffenerally  invested 
with  a  covering  of  hair,  which,  in  a  very  few,  is  converted  by  coherence  and 
agglutination  into  spinous  or  scaly  processes.  The  organs  of  sensation  are 
all  remarkably  developed,  and  the  external  ear  is  almost  always  provided 
with  a  cartilaginous  muscle.  Their  vertebral  column  is  flexible,  and  the 
neck  is,  with  few  exceptions,  composed  of  seven  vertebrse.  They  are  dis- 
tinguished by  four  limbs,  two  corresponding  pairs  anterior  and  posterior,  the 
extremities  of  which  separate  into  five,  four,  three,  or  two  divisions  (toes), 
and  sometimes  they  are  entire,  as  in  the  solidungula.  The  trachea,  or  wind- 
pipe, is  closed  by  a  valve ;  the  voice,  or  sound,  is  not,  however,  melodioos, 
but  mostly  harsh  or  shrill.  The  development  of  the  organs  of  sense,  of  the 
brain,  and  of  the  muscular  and  nervous  systems,  in  the  mammiferoua  verte- 
brata, renders  them  of  the  utmost  importance  in  the  general  economy  fA 
human  life.  They  not  only  supply  man  with  the  most  important  part  of 
his  nutriment  and  clothing,  but  serve  him  in  an  infinite  variety  of  ways; 
some  of  them,  possessed  of  more  than  ordinary  sagacity,  are  even  often 
called,  and  not  undeservedly,  the  associates  and  friends  of  the  human 
species. 

The  distinctive  ordinal  marks  of  quadrupeds  are  mainly  derived  from  the 
form  of  the  teeth  and  of  the  feet.  In  reference  to  their  position,  the  teeth 
are  said  to  be  either  anterior  j  m  front;  or  posteriory  in  the  further  part  of 
the  jaw.  In  front  are  four  incisary  or  cutting  teeth,  and  two  canine  teeth; 
and  in  the  further  part  of  the  jaw  there  are  five  molar,  or  grinding  teeth, 
on  each  side,  of  which  the  two  pairs  in  each  jaw  situated  next  the  canine 
teeth  are  called  pseudo-molar,  or  false  grinding  teeth ;  and  these  are  deficient 
in  some  animals.     The  substance  of  the  teeth  presents  aberrations  from  the 
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normal  type ;  for  example,  whilst  the  front,  or  incisor  and  canine  teeth,  are 
entirely  covered  with  enamel,  this  substance  forms  plaits  or  folds,  peneU^t^ 
ing  the  ivory  of  the  molars  (see  fig.  14).     Some  of  the  latter  exhibit  on  the 
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griiicBng  gorflice  a  series  of  enamel  plaits,  and  a  still  harder  sabstance,  called 
cement,  which  interpenetrates  the  ivory  of  the  tooth,  as  in  the  elephant's 
molar  teeth,  fig.  15.  In  many  animals,  the  grinding  surfaces  of  the  molar 
teeth  are  provided  with  prominences  or  ridges,  or  with  Jags  and  depressions; 
the  former  is  the  case  in  man,  the  latter  in  animab  of  the  feline  and  canine 
genera. 

In  the  form  and  length  of  the  legs  there  are  great  variations,  being  in 
both  respects  adapted  to  the  exigencies  of  the  particular  animal,  viz.,  for 
laying  hold  of  prey,  for  running,  leaping,  bounding,  grubbing,  or  swimming. 
In  general,  however,  the  fore  legs  differ  more  or  less  from  the  hind  ones. 
When  one  of  the  toes,  as  in  the  ape-&mily,  is  situated  opposite  the  other 
toes,  like  a  thumb,  the  organ  is  called  a  hand;  in  all  other  cases  it  is  called 
the  paw.  The  extremity  of  the  toe  is  covered  either  with  a  flat  or  curved 
nail,  or  terminated  in  a  sharp-pointed,  crooked  claw,  or  is  enclosed  in  a  homy 
blunt  hoof. 

Terrestrial  mammifera  are  also  characterised  by  their  mode  of  life  and 
general  economy.  Some,  for  example,  feed  exclusively  on  vegetable  sub- 
stances. Their  young  are  produced  with  a  hairy  investment,  are  in  posses- 
sion of  sight  at  their  birth,  and  are,  for  a  considerable  time,  exclusively 
nourished  by  their  mother's  milk.  Others  eat  only  flesh,  and  bring  forth 
their  young  naked  and  blind.  A  third  kind  can  live  on  both  flesh  and  vege- 
tables indifferently. 

Division  op  Mammalia. 


A-  Anterior  and  Posterior  limbs  developed. 

B.  Anterior  and  Posterior 
Limbs  imperfectly  developed. 

a.  "With  Nails  or  Claws  on  Move- 
able Toes. 

b.  With  Hoofs  on 
Immoveable  Toes 

With  Inctoor, 

Ouiine,  and  M<riar 

Teeth. 

With  a  Deficiency 

of  the  Normal 
Number  of  Teeth. 

With  Highly. 

doTeloped  Molar 

Teeth. 

Teeth  like 
Camivora. 

Teeth  Setaceous, 
or  BrisUy. 

1.  Bimana. 

2.  Qaadmmana. 

3.  Cheiroptera. 

4.  Camivora. 

5.  Marsupialia. 

6.  Rodentlk. 

7.  Edentata. 

8.  Mnltungnla  or 
Pachydermata. 

9.  Solidungula. 

10.  Ruminantia. 

11.  Pinnipeda. 
PhocB. 
Seals,  &c. 

12.  Cetacea. 
Whales. 

First  Order.  Bimana. 
102.  The  only  genns  of  this  order  is  man  (Romo  sapiens),  the  stmctnre 
of  whose  body  we  have  already  described ;  and  m  this  only  he  is  the  standard 
of  comparison  in  the  arrangement  of  all  other  animals  among  which  he  is 
classed;  while  his  posture,  his  capability  of  speech,  his  intelligence  and 
reason,  elevate  him  to  a  station  infinitely  higher  than  the  other  animals,  of 
which  he  is  the  sovereign  ruler.  The  peculiar  distinctive  marks  which  separ 
rate  man  from  the  animals  that  have  the  greatest  similaritv  to  him  are — 
hands  at  extremities  of  the  superior  limbs ;  teeth  of  equal  length,  without 
larse  openings  between  them ;  an  upright  posture;  less  hairiness;  and  flatter 
nauB  than  we  find  in  the  kindred  tribes. 
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The  remarkable  diversities  tlial  appear  among  various  tribes  or  diristons 
of  the  human  family  are  generally  considered  to  be  variations  occasioned  by 
time  and  climate;  these  varieties,  however,  do  not  militate  against  the  original 
unity  of  the  race.  The  following  are  the  principal  varieties  of  this  ezadted 
order. 

(1.)  The  Caucasian  race^  of  fiur  complexion,  with  soft  hair,  and  of  all 
shades,  from  light-brown  and  flaxen  to  black ;  small  oval  fiu^e,  with  lofly 
arched  forehead.  This  raoe,  according  to  our  ideas,  is  the  standard  of  beauty; 
and  it  includes  all  the  Europeans,  the  inhabitants  of  Western  Asia,  of  the 
North  of  Africa,  and  of  North  America,  &c.  (2.)  The  Mongolian  race; 
complexion  yellow  or  tawny;  hair  black,  thin  and  straight;  broad,  flat  fiu»8, 
with  prominent  cheek-bones;  nose  small  and  flat,  and  small  eyes,  with 
closely-approaching  eyelids.  By  these  marks  we  reoognise  the  inhabitantB 
of  Central  Asia,  the  Kalmucks,  Tartars,  Chinese,  &o.  (3.)  The  Ethumian 
race,  with  woolly,  crisp,  and  black  hair,  small  head,  and  prominent  cheek- 
bones ;  the  forehead  is  depressed  and  the  chin  is  protrusive ;  these  marks, 
with  the  flat  noses  and  large  thick  lips,  distinguish  the  inhabitants  of  Africa, 
with  the  exception  of  those  of  the  Mediterranean  coasts.  (4.)  The  American 
race  have  a  coppenr  complexion,  low  forehead,  prominent  cheek-bones,  lank 
and  black  hair.  These  are  the  indigenous  inhabitants  of  America.  (5.)  The 
Malayan  race,  with  brown  or  black  complexion,  black  curly  hair,  flat  nose, 
and  forehead  somewhat  prominent.   The  South  Sea  islanders  are  of  this  race. 

Second  Order.    Quadrumana. 

103.  Among  all  animals,  the  quadrumana,  or  Ape-tribe,  both  in  external 
figure  and  in  internal  structure,  approach  nearest  to  the  human  fsimily.  They 
have  all  the  three  kinds  of  teeth,  and  eyes  directed  forwards ;  they  are  also 
particularly  distinguished  by  their  hand-like  feet,  with  a  thumb  in  some 
degree  opposite  to  the  toes  or  fingers,  forming  altogether  a  powerful  prehen- 
sile organ.  They  cannot  walk  upright,  because  their  hind  feet  have  no  sole, 
which  b  indispensable  to  the  upright  posture.  Apes  inhabit  only  the  wanner 
regions  of  the  earth,  and  live  socially  in  the  forests,  mostly  on  the  trees, 
which  they  dimb  with  great  dexterity  and  speed.*  The  monkeys  avail  them- 
selves of  their  long  and  oontractible  tail  in  climbing  and  leaping  from  tree 
to  tree,  often  suspending  themselves  by  twisting  this  muscular  organ  around 
the  branches.  They  live  principally  on  fruit ;  but  in  confinement  they  est 
all  sorts  of  food,  especially  eggs,  pastry,  and  similar  viands.  Some  of  them 
prey  on  insects.  Although  their  bodily  organisation  be  so  elevated  and  their 
strength  so  considerable,  that  they  apparently  might  render  important  servi- 
ces to  mankind,  yet  they  appear  to  be  totally  useless  to  man,  whom  they 
represent  only  under  the  vilest  and  most  disgusting  of  caricatures.  They 
are  selfish,  malicious,  deceitful,  crafty,  and  thievish,  without  the  slightest 
docility,  especially  at  an  advanced  period  of  their  lives.  But  the  most 
domesticated  is  not  to  be  trusted.  On  account  of  their  droll  similarity  to 
humanity,  and  their  ridiculously-ludicrous  gestures,  they  are  frequently  car- 
ried about  and  exhibited  for  vulgar  amusement. 

Of  this  &mily  there  is  so  great  a  number  of  graera,  that  the  most  com- 
prehensive zodogical  works  have  scarcely  exhausted  the  subject  Conse- 
quently, many  are  very  imperfectly  known.    Their  charaoteriatio  difimnoes 


QIXADBUKANA. 


6&» 


aie  also  00  Blight,  that  ibej  are  easilj  oonfounded  and  mistaken  for  each 
other. 

This  order  is  divided  into  three  sections,  viz.,  apes  proper  (Simiadao), 
which  are  distinguished  by  the  absence  of  tails  and  cneek-ponches ;  the 
monkeys  of  the  New  World  ^Cebidas),  distinguished  by  cheek-pouches,  an 
additional  molar  tooth,  and  a  long  tail,  which  is  used  by  them  as  an  organ 
of  prehension ;  and  the  lemurs  (LemuridaB),  which  have  thumbs  on  the 
extremities  of  their  fore  as  well  as  on  their  hind  limbs.  Some  of  the  first 
bear  the  closest  resemblance  to  the  human 
form  and  physiognomy,  and  are  all  natives  of 
the  Old  World.  The  apes,  baboons,  and  mon- 
keys of  the  eastern  hemisphere  are  distinguished 
by  having  the  nasal  septa  smaller  than  it  is  in 
the  other  individuals  of  the  order :  of  these, 
we  may  mention  the  orang-outang j  which  is  the 
largest  of  the  tribe  (Simla  satyrus),  a  native 
of  Borneo  and  Sumatra,  and  the  chimpanzee 
(S.  troglodytes),  fig.  16,  both  without  tails, 
and  beariDg  a  considerable  resemblance  to  the 
human  physiognomy  and  form ;  they  are  some- 
times seen  of  the  height  of  from  six  to  seven 
feet,  and  have  given  occasion  to  many  fabulous 
stories  of  wild  men  of  the  woods.  The  Java- 
nese assert  that  they  can  speak,  but  that  they 
conceal  this  faculty  lest  they  should  be  enslaved 
by  the  more  crafty  bipeds.  To  this  section 
also  belong  the  long-armed  apes,  gibbons  (Hy- 
lobates  lar),  and  the  caudate  (tailed)  species; 
for  example,  the  long-tailed  monkey  (Sem- 
nopitheeus  nemsBus,)  most  remarkable  for  its 
strange  mixture  of  colours,  and  the  extraordi- 
nary length  of  the  caudal  appendage;  the  green,  monkey  (Cercopitheons 
sabaeus),  and  the  macavco  (Inuus  cynomolgus,  fig.  17) ;  and  the  common 
•  or  Barbary,  or  showman's  ape  (I.  sylvanus),  which  is  found  about  the  rook 
of  Gibraltar,  and  is  the  only  ape  indigenous  to  the  European  continent.  All 
these  are  frequently  exhibited  by  the  owners  of  menageries.  In  such  estab- 
lishments are  also  frequently  to  be  seen  the  papians  (Cynocephalus,)  whose 
head  resembles  the  dog's;  and  the  Arabian  papian  (Cynocephalus  hama- 
dryas),  and  the  maaidriU  (C  maimon),  distinguished  by  its  red  visage  and 
blue  nose. 

The  individuals  of  this  tribe  indigenous  to  the  New  World  have  a  laiger 
nasal  septum,  and  hence  their  nostrils  are  more  lateral  than  they  are  in  the 
other  members  of  the  family.  Many  of  these  employ  the  end  of  their  tails 
as  the  others  do  their  hand,  and  as  the  elephant  uses  his  trunk.  The  most 
remarkable  genera  of  this  tribe  are  the  howling  monkey  (Mycetes  Beelzebul), 
and  the  spider  mdmkeys  (Ateles).  The  Capuchin  ape  (Cebus  capucinus;, 
and  the  sajou  (C.  apella),  are  frequently  found  in  menageries.  Besides 
these,  there  are  also  the  squirrel  monkey  (Callithrix  sciurea);  the  night 
wjonkey^  distinguished  by  its  large  eyes,  and  its  habit  of  hunting  by  night, 
like  the  camivora;  and  the  siU^  monkey ^  or  tttsti^i  (Hapale  jacchus). 
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The  lemurs,  makts,  &c.,  form  a  section  of  this  family,  differing  from  the 
above  in  having  the  general  form  of  the  carnivora,  though  they  agree  with 
the  rest  of  the  qaadrumana  in  the  arrangement  of  their  digital  organs.  They 
are  social,  living  chiefly  on  fruit  and  insects,  and  hunt  by  night,  for  which 
they  are  well  adapted  by  the  great  size  of  their  eyes.  The  principal  genera 
are  the  lemur  (L.  catta),  the  indri  (Lichanotus),  the  coris  (Stenops),  the 
galegosy  and  the  sarsiers.  They  mostly  inhabit  the  Old  World,  and  espe- 
cially the  large  island  of  Madagascar. 

Thied  Order,    Cheiroptera  (the  Bat  Tribe), 

104.  These  animals,  in  several  respects  analogous  to  certain  genen  of  die 
rodent  animals,  particularly  to  mice,  are  distinguished  by  a  fine  memfaranoos 
wing,  stretched  out  between  the  lon^  toes  of  the  anterior  limbs,  and  attached 
to  the  posterior  legs.  Concealed  dunng  the  daytime  in  fissures,  daric  comers, 
&c.,  they  fly  about  in  the  twilight,  hunting  their  insect  prey,  which  they 
catch  with  great  dexterity.  Some  are  found  in  the  warmer  regions  of  the 
world,  and  live  on  blood,  which  they  suck  from  living  animals;  but  a  few 
subsist  on  fruit  The  most  remarkable  are  the  nctsal^lea/  hats  (Phyllos- 
toma),  which,  during  the  night,  suck  the  blood  of  men  and  other  animals 
when  aaleep:.  of  this  animu  marvellous  stories  have  been  related.     The 
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most  oommon  bats  are  the  common  vampire  (Ph.  spectrum),  and  the  Tuu- 
tatcrcrested  hat  (Ph.  hastatus) ;  the  greater  ana  lesser  horseshoe  bats,  which 
have  these  cnrious  nasal 
leaf-like  appendages  on  both 
nose  and  ears;  the  flitter' 
mouse,  or  common  bat  (fig. 
18)  of  this  country  ( Ves- 
pertilio  mnrinus) ;  and  the 
red  bat  (V.  noctula).  In 
the  East  Indies,  in  Africa, 
and  in  Australia,  there  are 
herbivorous  bats,  called  fly-  18, 

ing  dogs,  because  of  the  re- 
semblance which  their  heads  bear  to  those  of  the  canine  genera.     They  are 
called  vampires,  and  are  objects  of  general  aversion  and  dread.     The  largest 
of  these  (Pteropus  edulus)  black  rousette  is  of  the  size  of  a  small  dog,  and 
its  flesh  is  eatable. 

Fourth  Order.     Carniyora  (the  Carnivorous  Tribe). 

105.  In  this  order  we  meet  with  a  large  assemblage  of  animals,  which 
prey  upon  all  the  rest  of  the  brute  creation,  and  even  on  man  himself;  and 
hence  we  are  engaged  in  constant  hostilities  with  the  whole  race  where  they 
happen  to  occupy  the  same  regions  as  ourselves,  to  whom  they  are  the  most 
dangerous  and  formidable  neighbours.  As  their  natural  food  is  living  ani- 
mals, we  find  that  they  are  provided  with  a  powerful  apparatus  both  of  claws 
and  teeth ;  the  former  for  seizing,  the  latter  for  holding  their  prey.  The 
order  is  separated  into  three  sub-orders,  distinguished  by  their  nutritive 
economy,  and  by  the  organisation  of  their  dental  apparatus,  viz.,  the  insec- 
tavora,  which  have  pointed,  conical,  molar  teeth ;  the  camivora  ^proper), 
with  sharp,  cutting,  molar  teeth ;  and  the  herbivoro-camivora,  which  have 
teeth  also  adapted  to  both  the  kinds  of  food  on  which  they  subsist. 

The  insectivora  of  this  order  are  distinguished  by  their  broad  naked  sole, 
which  they  place  flat  on  the  ground  while  walking :  in  size  and  economy 
they  are  very  similar  to  the  size  of  the  rodents  (family  of  the  rats,  mice,  &c.) 
Amongst  these  are  to  be  noticed 
the  hedgehog  (Erinaceus),  well 
known  by  its  prickly  skin,  and 
by  folding  itself  up,  like  a  ball, 
when  it  is  attacked;  it  preys 
by  night  on  several  injurious 
insects  and  other  animals :  the 
oommon  shrew  (Sorez  araneus, 
fig.  19) ;  and  the  pigmy  shrew 
(S.  pygmseus),  the  smallest  of 
all  mammiferous  quadrupeds. 
Both  of  these  inhabit  holes  under-ground,  and,  on  account  of  their  strong 
musky  scent,  are  not  eaten  by  cats. 

The  moh  (Talpa  Europae)  is  provided  with  a  broad,  hand-like,  strong- 
nailed  paw,  suited  to  the  necessities  of  an  animal  that  grubs  in  the  soil,  and 
which  preys  on  earth-worms,  larvas  of  infects^  &c;     Some  agriculturists 
86 
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regard  its  operatioDs  as  iDJorioas,  whilst  others  are  of  a  eontrary  ojMoioa. 
The  mole-hills  are  indeed  unsightlj  objects,  but,  when  scattered  over  the 
surface,  form  a  tolerable  substitute  for  a  top-dressing.  The  under-ground 
galleries  may  occasionally  loosen  the  soil  about  the  roots  of  plants,  but  they 
afford  the  means  of  carrying  off  a  great  deal  of  superfluous  moisture,  and 
are  in  fact  an  efficient  system  of  surface-drainage.  Moles  are  not  blind, 
though  this  is  the  vulgar  belief;  onlv  their  eyes  are  very  small,  and  deeply 
situated  in  the  head ;  a  provision  admirably  adapted  to  their  under-ground 
habits  of  existence.  It  is  said  that  the  eyelids  of  the  Cape  mole  (T.  csdca) 
are  actually  coherent.  The  golden  mole  of  the  same  country  (T.  inaurata) 
is  remarkable  for  the  yellow  or  coppery  lustre  of  its  fur.  and  for  being  the 
only  mammifer  known  possessing  this  property,  viz.,  tne  metallic  glance, 
which  is  such  a  remarkable  embellishment  in  many  birds,  fishes,  &c.  The 
radiated  mole  (Condylura)  has  a  peculiarly-formed  snout^  which  is  provided 
with  radiating  processes  like  short  feelers. 

The  proper  camivora  are  all  unguicalate,  and  are  chiefly  distinguishable 
from  other  kindred  orders  by  their  dental  and  digestive  apparatus,  and  by 
external  characters  of  a  more  general  nature,  all  of  which  are  exceedingly 
well  adapted  to  the  necessities  of  creatures  which  subsist  almost  exclusively 
on  a  flesh  diet,  and  generally  seize  their  prey  alive.  They  are  furnished 
with  six  incisor,  or  cutting,  teeth  in  each  jaw,  besides  fangs  or  tearers,  which 
are  separated  by  dental  interstices  from  the  pointed,  tuberculated,  grinding 
teeth  of  the  posterior  maxillaries. 

The  animals  belonging  to  the  plantigrade  section  of  the  camivora  are 
characterised  by  naked  soles,  and  by  the  general  prevalence  of  tuberoulated 
teeth.  Their  form  is  elongated,  with  short  bones ;  and  the  larger  animals 
of  the  tribe,  which  inhabit  the  northern  parts  of  the  world,  are  all  flesh- 
eaters  ;  while  the  smaller,  which  chiefly  inhabit  warm  climates,  prey  on  small 
animals,  and  also  eat  eggs,  fruit,  plants,  &c.  None  of  these  are  useful  to 
man.  The  most  important  members  of  the  ursine,  or  bear  family,  are  the 
great  white  hear  (Ursus  maritimus),  or  polar  bear,  an  inhabitant  of  the  arctic 
regions,  subsisting  entirely  on  seals  and  fish ;  the  broum  hear  (U.  arctos)  is 
frequently  exhibited  by  bear-wardens,  who  teach  the  animal  to  walk  on  his 
hind  paws,  and  to  perform  several  antics  and  grotesque  dances  for  the  amuse- 
ment of  the  by-standers.  These  animals  become  fat  before  winter,  which 
they  pass  in  a  dormant  condition.  The  hlack  hear  (U.  Americanos)  is  a 
native  of  the  New  World,  and  the  racoon  (U.  later)  has  the  singular  custom 
of  plunging  its  food  in  water  before  it  tastes  it.  The  smaller  ursine  quad^ 
rupeds  are  the  nasua,  or  red  cuati,  the  East  Indian  arctitis,  &c. 

A  very  rapacious,  bloodthirsty,  sub-section  of  the  camivora  is  characterised 
by  long  slender  bodies  and  short  limbs,  which  are  specially  adapted  to  their 
habits,  viz.,  hunting  under-ground.  The  badger  (Meles)  burrows  in  deep 
holes,  and  hunts  small  animals  by  night;  it  also  eats  fruit  and  roots  of 
plants.  The  glutton  (Gulo)  is  an  inhabitant  of  northem  countries,  and  is 
erroneously  believed  to  be  an  enormous  eater.  The  skunk  (Mephitis), 
dreaded  on  account  of  its  intolerable  stench,  is  a  native  of  America,  the  West 
Indies,  and  Java.  The  following  are  much  prised  for  their  valuable  furs, 
viz.,  the  pole-cat  (Mustek  putorius),  the  ferret  (M.  fiiro),  used  for  bunting 
rats  and  rabbits,  the  ermine  (M.  erminea),  the  common  toeasel  (M.  vulgaris), 
the  common  marten  (M.  martes),  the  stone-marten,  the  sahle  inarie»  (M. 
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sil)el1]t)a))  nnd,  finally,  tbe  otter  (Lntra),  which  subsists  on  fish,  and  is  pro- 
vided with  a  membranous  expansion,  connecting  its  toes,  whereby  it  is  well 
adapted  for  swimming  and  hunting  its  fishy  prey. 

Among  the  family  of  the  Yiverridse  are  civets  the  Egyptian  rat,  or 
ichneumon  (Herpestes  ichnenmon),  celebrated  on  account  of  its  devouring 
the  eggs  of  the  formidable  crocodile,  and  the  civet  (Viverra  zibetha),  which 
yields  the  powerfully-odoriferous  perfume. 

Tbe  canine  family  is  more  extensive  than  the  former.  Here  we  meet 
with  the  /ox  (Oanis  vulpes),  so  renowned  in  all  ages  for  crafty  devices,  that 
''  cunning  as  a  fox  '^  is  a  proverbial  phrase,  common  to  all  European  lan- 
guages; also  the  arctic  fox  (C.  laeopus);  the  jackal  (C.  aureus);  the  glut- 
tonous, predaceous  wolf  (C.  lupus;,  long  extinct  in  this  country,  but  still 
common  in  the  northern  parts  of  Europe,  and  also  in  alpine  tracts  further 
south ;  the  domestic  dog  (C.  familiaris),  of  which  the  varieties  are  almost 
infinite.  Some  are  trained  to  hunt,  others  to  point  or  set  at  game,  others  to 
watch  sheep,  premises,  &c.  They  are  all 
more  or  less  attached  to  man,  and  are  ca- 
pable of  receiving  instruction  in  infinitely 
diversified  forms,  and  with  very  different 
views.  The  most  admirable  adaptation  of 
canine  strength  and  sagacity  is  exemplified 
In  the  dogs  of  St.  Bernard,  which  are 
tained  to  rescue  unfortunate  travellers 
who  may  be  overtaken  by  a  storm,  and 
buried  in  Alpine  snow. 

Finally,  to  this  fomily  belong  the  feline 
tribe  (Felina),  the  bloodthirstiest,  most 
rapacious,  and  formidable  of  all  predaceous  animals,  as  well  on  account  of 
their  dexterity  and  rapidity  of  movement  as  of  their  enormous  strength. 


They  are  almost  all  limited  to  the  warmer  climates.     The  hyena  (Hysana, 
fig.  20)  forms  the  link  between  the  canine  and  feline  races,  and  it  is  remarka- 
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ble  for  preyittg  only  on  earrion,  and  even  on  corpses  grabbed  out  of  and 
dragged  from  their  graves.  The  royal  lion  (Felis  leo)  is  found  only  in  the 
Old  World,  together  with  the  still  more  fierce  and  ferooions  tigrer  (F.  tigris). 
The  panther  (P.  pardus,  fig.  21),  leopard  (F.  leopardus),  and  the  ocelot  (F. 
pardalis),  are  remarkable  for  their  beautifully-spotted  sldns.  The  jaguar , 
or  American  tiger  TF.  onea),  is  the  most  formidable  of  predaoeons  animals 
in  the  New  World.  The  American,  or  red  lion  (F.  concolor)  is  only  a 
feeble  representative  of  his  royal  brothers  of  Asia  and  Africa.  Our  wild 
cat  (¥.  domestica)  has  been  reclaimed,  and  is  universally  admitted  as  a 
memoer  of  the  social  circle.  Her  mousing  propensities  and  services  are 
generally  rewarded  by  indulgent  and  generous  treatment. 

Fifth  Ordee.     Marsupialia  {the  Kangaroo  Tribe). 

106.  The  animals  of  this  order  are  found  only  in  the  tropical  regions  of 
America,  the  Sunda  Islands,  and  New  Holland.  In  size  they  rarely  exceed 
bares  and  rats.  They  derive  their  name  from  a  sack,  or  pouch,  formed  on 
the  external  lower  part  of  their  abdomen,  in  which  they  often  carry  their 
young  after  parturition.  In  some  genera  of  this  order  the  marsupial  append- 
age is  deficient,  but  the  conformation  of  their  skeleton,  and  especially  the 
stracture  of  the  pelvis,  clearly  point  out  their  relationship  to  the  other  ani- 
mals of  this  order.  Several  members  of  this  family  are  herbivorous ;  while 
otherS;  in  their  mode  of  life,  are  like  the  martens  and  weasels.    To  the  mar* 

supial  section  belongs  the  kangaroo 
(Halmaturus,  fig.  22),  which  is  about 
the  size  of  a  stag,  but  with  much 
more  powerful  hind  legs.  It  is  the 
largest  indigenous  terrestrial  animal 
of  New  Holland.  The  phaecolarcUM 
(Lipuras),  or  koala,  which  carries 
its  young  on  its  back,  is  also  a  native 
of  New  Holland.  The  kangaroo 
hare  and  the  kangaroo  rat  (Balan- 
tia),  or  kuskus,  are  abundant  in  the 
22.  Moluccas. 

The  carnivorous  members  of  tbis 
order  produce  many  young  ones  at  a  birth,  and  many  carry  them  on  their 
backs.  The  marsupial  mcnien  and  the  opossums  are  the  most  interesting. 
Many  sorts  of  these  are  prevalent  in  America,  and  are  formidable  enemies 
to  the  poultry  of  the  inhabitants.  They  bear  their  young  fifty  days  in  their 
sack,  and  for  some  time  after  on  their  backs.  The  common  opossum  (Di- 
delphis  marsupialis),  about  the  size  of  a  small  dog,  and  the  Jli/ing  lemur 
(Lemur  volans),  whose  head  resembles  an  ape's,  also  belong  to  this  section. 

Sixth  Order.    Rodentia  (the  Rodent  Tribe). 

107.  ThiH  large  order  is  divisible  into  several  sub-orders  or  fiimilies,  as, 
for  example,  the  squirrel  tribe  (Sciurina),  pretty,  lively  little  creatures,  that 
mostly  inhabit  trees  and  hollow  trunks,  and  rarely  burrow  in  the  earth. 
They  subsist  principally  on  fruits,  kernels,  &c.    The  principal  of  these  are 


EDENTATA.  566 

the  cHmhing  rat  (Isodon),  ihe  marmot  or  movmiaxn  rat  (AretomyB),  the 
dormouse  (Scinrus  glis),  the  haad  or  oak  rat  TMus  querdnus)^  the  squirrel 
(So.  vulgaris),  and  ihefl^ng  squirrel  (Sc.  yohtans). 

Mice  are  active  little  creatures,  mostly  living  in  galleries,  holes,  and  nests, 
either  under  ground  or  in  dry  protected  situations  on  the  earth's  surface. 
They  go  abroad  at  night  in  search  of  food,  which  is  mostly  grain  or  roots  of 
various  sorts;  but  sometimes,  though  rarely,  they  prey  on  small  animals, 
Ac.  They  are  themselves,  however,  more  frequently  the  prey  of  larger 
creatures  of  predaoeous  nocturnal  habits.  The  following  are  the  most  con- 
spicuous animals  of  this  sub-order,  viz.,  the  lemming  or  Norway  rat  (Mus 
Norwegicus),  the  ponched  rat  (M,  bursarius),  the  house^mouse  (M.  Muscu- 
lus),  the  field-mouse  (M.  solvaticus),  the  house-rat  (M.  rattus),  the  brown 
rat  (M.  decumanus),  the  water-vole  (M.  amphibius),  and  the  hamster  (M. 
cricetus),  which  lays  up  great  stores  of  com. 

In  the  family  of  the  leapers  (Macropoda)  and  hares  (Leporina)  we  meet 
with  many  genera  which  have  their  hind  feet  remarkably  developed,  whereby 
they  are  able  to  make  extraordinary  leaps,  and  so  escape  from  animals  much 
stronger  than  themselves.  Many  of  these  are  important  on  account  of  their 
fine-&voured  flesh,  and  for  their  valuable  fur.  They  are  chiefly  found  in 
warm  regions,  and  mostly  feed  on  plants.  Of  these  we  may  notice  the 
jerboa  (Dipus),  the  Capo-hare  TMus  caffer),  the  chinchilla  (C.  lanigera), 
which  produces  the  most  costly  tur,  the  coney,  or  rabbit  (Lepus  caniculns)| 
and  the  common  hare  (L,  timidus). 

Other  rodentia  are  oisdnguish^  by  their  natant  membranous  hind  feet, 
the  most  important  of  which  is  the  beaver  (Castor  fiber),  which,  selecting 
the  banks  of  rivers  for  a  habitation,  constructs  his  subterranean  abode  in 
the  shape  of  a  baker's  oven,  with  an  entrance  under  water.  The  otter  con- 
structs his  dwelling  in  a  similar  way.  On  the  continent  of  Europe  the 
beaver  is  almost  extirpated ;  but  he  is  of  frequent  occurrence  in  America 
and  Asia.  This  animal  is  destroyed  for  the  sake  of  his  fur,  which  is  so 
extensively  employed  in  the'  manufacture  of  hats ;  and  also  on  account  of  a 
peculiar  secretion,  called  castoreum,  which  is  a  valuable  drug. 

To  this  order  belongs  also  the  porcupine  (Hystrix  cristata),  which  is  rare 
in  the  south  of  Europe,  but  far  from  uncommon  in  Africa^  where  it  lives  in 
subterranean  cavities. 

South  America  produces  an  endless  variety  of  rodent  animals,  which  are 
called  subungulate,  because  their  broad  sheathing  nails  are  somewhat  like 
hoofs.  To  these  inoffensive  and  savoury-fleshed  animals  belong  the  agutiy 
or  common  agoutis  (Dasyprocta),  the  pa^a  rCoelogenys),  the  cavia,  very 
similar  to  the  well-known  guinea-pig,  which  last  is  also  a  member  of  this 
sub-order.  It  is  a  remarkable  fact  that  the  guinea-pig,  which  was  introduced 
into  Europe  from  America  several  hundred  years  ago,  is  no  longer  found 
wild  in  its  original  native  land.  In  size  and  appearance  the  capybara,  or 
water-pig  (Hydrochssrus),  resembles  a  small  pig. 

Seventh  Ordee.  Edentata. 

108.  The  animals  composing  this  order  are  easily  distinguished  by  the 
absence  of  teeth  in  the  anterior  part  of  their  protruded  maxillaries,  and  also 
by  the  partial  deficiency  of  the  same  organs  in  the  posterior  parts  of  the 
jaws.     Their  toes  are  likewise  protected  by  long  daws.     They  are  further 
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characterised  by  their  sluggish  habits  and  stupid  appearance,  and  are  only 
found  in  tropical  and  sub-tropical  regions,  and  never  in  gre^it  numbers.     The 


28. 

most  singular  ib,  perhaps^  the  duck-bilkd  quadruped  (pmithorhynohas  para- 
doxus, fig.  23),  which  has  been  ob- 
served only  in  New  Holland.  To 
this  order  belong  also  the  ant  eaten 
and  ant  betir  (Myrmecophaga),  the 
scaly  pangolins  (Manis),  the  arma^ 
dillo  (Dasypus,  fig.  24),  covered 
with  scaly  armour,  like  some  of  the 
amphibians;  also  the  Hoth  (Brady- 
pus),  of  which  the  smaller  is  named 
24.  unauj  or  two-toed  sloth,  and  the 

larger,  ats,  or  common  sloth. 

EiQHTH  Order.    Pachydermata  9eu  Multungula. 

109.  The  thick  skins  of  the  animals  belonging  to  this  order  are  only  par- 
tially hairy,  and  their  toes  (from  two  to  five),  which  are  either  distinct  or 
coherent,  are  not  moveable,  out  enclosed  in  cdlous  or  homy  cases  or  hoofs. 
They  are  the  largest  of  all  terrestrial  mammalia,  exist  principally  on  vege- 
table food,  and  are  only  found  in  the  old  world.  Of  all  the  genera  of  this 
order  the  elephant  (Elephas,  fig.  25)  is  the  most  remarkable,  being  equally 
an  object  of  admiration  as  well  on  account  of  his  size,  extraordinary  strength, 
sagacity,  and  wondrous  docility,  as  for  the  mechanical  adaptation  of  his  organs 
to  the  necessities  of  his  animal  economy.  With  his  trunk  he  can  perform 
the  most  minute  as  well  as  the  most  essential  offices  which  would  be  impos- 
sible for  any  other  animal.  In  fig.  15  we  have  given  a  representation  of  one 
of  the  compound  molar  teeth  of  the  elephant;  Dut  he  has  a  still  more  im« 
portant  organ,  viz.,  hb  tusks,  which  are  from  three  to  four  feet  long,  and 
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weigh  from  twenty  to  thirty  pounds,  and  supply  the  valuable  material,  ivory. 
The  Asiatic  elephant  is  reputed  a  more  tractable  beast  than  his  African 
brother ;  the  latter  is  frirther  distinguished  by  long  ears,  and  a  more  arched 
forehead.  These  animals  live  amicably  in  troops  in  the  moist  forests  of  Asia 
and  Africa,  and  are  harmless  when  unprovoked.  The  most  unwieldy  of  all 
terrestrial  animals  is  undoubt- 
edly the  river  horse  (Hippopo- 
tamus, fig.  26),  only  found  in 
the  sluggish  and  muddy  rivers 
of  Africa ;  with  its  clumsy  head, 
long  barrel-like  trunk,  and  its 
short  legs,  it  has  the  least  pos- 
sible resemblance  to  the  sym- 
metry of  the  noble  and  finely- 
proportioned  animal  whose  name 
it  bears. 

Our  well-known  and  highly-  26. 

prized  swine  belong  to  a  section 
of  this  order.   The  domestic  sow  (Sus  scrofa)  is  one  of  the  most  valuable  ani- 
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malsy  and  has  been  imported  into  the  New  World,  where  it  is  now  abnsdant 
The  Java  saw  (S.  baDimssa)  is  provided  with  long  carved  tasks.  The 
peccary  (Dicotyles)  is  distdngaished  by  a  glandoUir  secretion  which  gives  to 
its  flesh  a  disagreeable  flavour. 

In  the  next  sab-order,  TapiridcB,  we  find  the  tapir  oharacterised  by  five 
uneqaal  toes,  with  a  short  trank  like  the  pig.  The  rhinoceros,  whose  hide 
is  bullet-proof,  sometimes  with  one,  sometimes  with  two  horns,  belongs  to 
the  same  sub-order. 

Ninth  Order.    Solidungula. 

110.  The  whole  order  is  composed  of  but  one  family,  of  which  the  noUe 
horse  (Equus  caballus)  is  the  representative  type,  and  the  most  important 
member ;  an  animal  distinguished  equally  by  gracefulness  of  form,  celerity 
of  movement,  and  tractability  and  usefulness  to  mankind.  Though  so  ex- 
tensively spread  over  the  earth,  these  animals  are  never  found  in  a  wild  or 
untamed  condition,  except  such  as  have  escaped  from  domestic  servitude,  as 
in  America,  where  enormous  troops  of  wild  horses  exist  in  the  vast  prairies 
of  that  country.  Many  breeds  have  been  produced  during  the  long  period 
of  their  subjugation.  The  mule  is  a  sort  of  hybrid,  produced  between  the 
ass  and  the  mare.  Another  hybrid  is  also  distinguished,  vis.,  that  between 
the  horse  and  the  she  ass,  but  this  is  less  common  than  the  other* 

The  horse  has  six  front  teeth,  twelve  molars,  and  two  canine  teeth  in  each 
jaw :  the  latter  are  frequently  absent.  Upper  jaw  6  moUrs,  1  canine,  6  front, 
1  canine,  6  molars.  Lower  jaw  6  molars,  1  canine,  6  front,  1  canine,  6 
molars. 

The  incisor  or  front  teeth 
have  on  their  cutting  surface  a 
dark-brown  impression,  called  a 
mark,  because  it  is  by  this  that 
the  age  of  a  horse  is  known,  for 
these  marks  are  obliterated  by 
increasing  age. 

Africa  is  the  home  of  diree 
species  of  this  order,  viz.,  the 
zebra  (Equus  zebra,  fig.  27),  the 
guagga  (Equus  qoagga),  and 
the  onager.  These  are  all  found 
in  the  Cape  colony.  The  toild 
ass  or  onager  (E.  asinus)  appears 
in  immense  troops  in  the  steppes 
of  Tartary,  and  in  the  vast  tracts 
of  the  Ural  mountains.  The  domestic  ass  is  a  degenerated  descendant  of 
these  fieet,  spirited  animals. 

Tenth  Order.    Ruminantia  (  Cudrchmoing  Animals). 

111.  It  is  universally  agreed  that  this  order  comprehends  the  most  useful 
of  all  mammiferous  quadrupeds.  They  supply  us  with  leather,  wool,  horn, 
fiesh,  milk,  butter,  cheese,  and  with  solid  oil  or  fat,  which  is  odled  tallow. 
Besides  this,  they  are  valuable  as  beasts  of  burden  and  draught ;  and  though 
slow,  yet  patient  and  enduring.     They  have  almost  all  been  domestieatedj 
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md  00D8eqiieii%  there  are  infinite  Tarieties  and  aberrations  from  the  oom- 
mon  original  type.  They  are  all  characterised  by  the  cloven  or  divided  hoof, 
and  by  the  absence  of  incisor  teeth  in  the  npper  jaw ;  with  few  exceptions 
they  are  provided  with  two  horns.  They  are  all  herbivorons,  and  their  ali- 
mentary apparatus  or  stomach  is  separated  into  four  divisions.  The  first  and 
amplest  is  <»lled  the  paunch  (rumen),  into  which  the  half-chewed  fodder  or 
herbage  first  passes ;  from  this  the  food  is  conveyed  to  the  second  cavity 
(reticulum),  where  it  is  formed  into  balls,  whence  it  is  carried  again  to  the 
mouth,  where  it  undergoes  the  process  of  further  mastication.  When  this 
has  been  accomplished,  the  food  passes  into  the  third  chamber  of  the  com- 
plex stomach,  called  the  psaUerium  (manyplies),  which  has  its  mucous- 
lining  membrane  disposed  in  large  longitudinal  folds,  so  as  to  form  deep 
IctmcUoBj  like  the  leaves  of  a  book;  it  is  finally  received  into  the  fourth  and 
last  stomach  or  reedy  where  it  mixes  with  the  gastric  juice  (rennet),  and 
becomes  aliment 

The  ruminant  animals  form  several  large  fiimilies,  and  of  these  we  first 
notice  the  camd,  which  is  without  horns,  but  is  provided  with  callosities  of 
a  homy  nature  on  the  breast  and  knees.  Of  this  section  we  distinguish  the 
one-humped  camel  or  dromedary  (Camelus  dromedarius),  most  common  in 
Arabia  and  Africa,  and  the  two-kamped  camel  (C.  bactrianus),  with  two 
humps  or  bunches,  chiefly  employed  as  a  beast  of  burden  in  northern  Asia. 
On  account  of  their  ^most  incredible  abstinence,  their  celerity,  strength, 
endurance,  and  patient  disposition,  camels  are  the  most  important  beasts  of 
transit,  both  for  persons  and  merchandise,  in  the  extensive  barren  deserts 
and  steppes  of  the  old  world  —  a  more  efiectual  barrier  to  intercourse  than 
even  the  sea.  Hence  the  camel  is  called  the  ship  of  the  desert.  The  flesh 
and  milk  of  the  animals  are  useful  as  nutriment,  and  the  hair  is  employed 
in  the  manufacture  of  doth. 

The  American  camel,  or  Peruvian  sheep,  guanaco  (Camelus  lama),  is 
smaller  than  the  former,  and  has  no  hump ;  the  vicugna  also  belongs  to  the 
New  World,  and  both  yield  the  fine  wool  called  camel  hair.  The  little  lamay 
or  paco,  belongs  to  the  same  tribe. 

The  most  remarkable  of  all  the  members  of  this  family,  and  indeed  of  the 
whole  animal  kingdom,  is  the  giraffe  (Camelopardalis,  fig.  28),  standing 
eighteen  feet  high  to  the  crown  of  the  head,  which  is  surmounted  by  four 
radiating  bony  protuberances  covered  with  hairy  skin.  This  brown-spotted, 
fleet  quadruped  is  a  native  of  the  hot  regions  of  central  and  southern  Africa. 

An  extensive  section  of  the  ruminant  animals,  viz.,  the  cervidoe  or  deer 
tribe,  is  distinguished  by  solid,  bony  horns,  which  are  deciduous,  and  an- 
nually renewed!  Among  these  we  find  in  northern  Asia,  and  especially  in 
Thibet^  the  musk  deer  (Mosohus  moschiferus),  from  which  the  valuable  musk 
is  obtained ;  the  hart  (Oervus),  the  roe  (C.  capreolns),  the  noble  hart,  stag, 
or  red  deer  (C.  elaphus),  the  doe  (C.  dama),  the  reindeer  (C.  tarandus), 
and  the  elk  (C.  aloes). 

Another  large  division  of  this  order  is  composed  of  animals  whose  horns 
are  permaneot  and  hollow,  not  solid,  as  in  the  last  section,  but  sheathing 
round  a  bony  nuolens,  called  the  core,  which  is  a  prolongation  of  the  frontal 
bone. 

We  distingui^  the  following  as  being  among  the  most  important  genera ; 
viz^y  the  theq>  (Ovis);  the  wild  Sardinian  she^;  the  dojnesiic  iheep  (0. 
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aries) ',  the  fatrtailed  sheep  (0,  steatopjga) ;  ihe  ffocU  (Capra),  to  which 
belong  the  sleinrbock  (C.  ibex) ;  the  wild  gocU  (C.  aDgagrus) )  the  tame  goal 
(C.  hircus) ;  the  Angora  and  Cashmere  goats,  which  bear  the  &ue  wool  of 
which  the  valuable  Cashmere  shawls  are  fabricated;  the  beautiful  alert 
anfclopey  of  which  there  are  numerous  species  that  inhabit  the  desert  and 
waste  places  of  Arabia,  India,  and  South  Africa ;  among  these  are  reokoned 
also  the  pigmy  or  dwarf  antelope  (Antilope  pjgmse) ;  the  gazette  (A.  dor- 
cas) ',  the  Arabian  ant^ope,  the  swift  antelope  (A.  dama),  and  the  Indian 
antelope  with  twisted  horns  (A.  cervicapra) ;  the  common  antelope  (C.  mbi- 
capra) ;  and  the  gnu,  an  animal  whose  form  strikingly  resembles  that  of  a 
small  horse,  with  horns  like  a  buffalo's.  The  bovine  section  of  the  order 
(bovidoBf  from  bos,  oz)  has  been  distinguished  among  all  nations  and  from 
the  earliest  ages  as  the  most  useful  of  domestic  animals,  and  as  beasts  of 
burden  and  draught,  the  usual  personification  of  patience  and  laboriousness. 
The  bison  (B.  moschatus),  the  common  ox  (B.  taurus),  the  common  buffalo 
(B.  Amcricanus),  and  the  urochs  (B.  urus),  still  found  ia  Lithuaniai  are 
the  most  conspicuous  members  of  this  family. 
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Eleventh  Order.    Pinnipeda  (the  Seal  Tribe,') 

112.  This  order  and  the  following  form  the  connective  links  between  the 
mammifers  and  the  class  of  fishes.  In  organic  development  and  utility  to 
man  they  are  much  in- 
ferior to  the  former. 
The  bodies  of  the  seal 
tribe  (fig.  29),  are  cov- 
ered with  short  glossy 
hair  lying  flat  on  the 
skin;  their  legs  are  only 
partially  developed,  es- 
pecially the  hind  legs, 
and  the  toes  are  con- 
nected with  a  membra- 
nous apparatus  which  is  excellently  adapted  for  assisting  them  in  swimming, 
although  out  of  water  they  scarcely  enable  the  animal  to  crawl.  They  are 
all  inhabitants  of  the  sea  and  of  large  estuaries,  though  occasionally  they 
may  be  seen  basking  on  the  shore.  Their  food  consists  of  fish,  mollusca,  &c. 
The  skin,  oil,  and  tusks  of  these  animals  are  articles  of  commercial  value. 

The  most  remarkable  individuals  belonging  to  the  genus  Phocidce  are  the 
ua-dog  or  iea^codf  (P.  vitulina),  common  in  the  Arctic  Ocean,  the  sea-monk 
(P.  monachus) )  the  crested  seal  (P.  cristata) ;  the  sea-lion  (Otaria  jubata). 
The  walrus  (Trichechus  rosmarus)  sometimes  measures  20  feet  in  length, 
with  a  weight  of  above  2000  lbs.,  armed  with  fearful  tusks;  these  formidable 
animals  prey  upon  the  shell-fish-eating  denizens  of  the  icy  seas,  and  some- 
times engage  in  deadly  conflict  between  themselves. 

Twelfth  Order.    Cetaoea  (the  Whale  Tribe), 

113.  To  this  tribe  belong  the  largest  animals  in  existence.  They  are, 
moreover,  distinguished  from  all  other  mammifers,  not  only  by  their  enor- 
mous bulk,  but  also  by  the  total  absence  of  hind  feet,  and  by  the  development 
of  their  anterior  members  into  paddles  or  swimming  paws  adapted  solely  for 
moving  in  the  water,  to  which  they  are  strictly  limited.  In  external  appear- 
ance and  habits  they  are  exactly  similar  to  fishes.  There  is  scarcely  a  trace 
of  hair  present,  even  on  their  upper  lip.  The  oU,  whalebone,  and  spermaceti 
which  they  yield  are 

v.iluable  articles  of 
comraerce.  Like  ter- 
restrial animals,  they 
breathe  through  nasal 
apertures,  which  are 
in  the  upper  part  of 
their  head,  by  which 
they  eject  the  water 
which  they  inhale 
along  with  the  air. 
They  inhabit  the  Nor- 
thern Ocean,  pardcu- 
lariy  that  about  Green- 
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land,  but  they  tre  also  found  in  the  Soutbern  Ocean;  and  wbale-fishing 

establishments  have  been  planted  for  several  years  on  the  shores  of  New 
Zealand,  &c.  The  Greenland  whale  (fig.  30),  is  from  60  to  80  feet  long, 
and  from  50  to  60  tons  weight.  Instead  of  teeth,  the  whale  has  a  fringe 
of  horny  fibres  resembling  stiff  hair  or  bristles,  which  serves  as  a  gigantic 
strainer,  in  which  are  caught  shoals  of  molluscous  animals  that  swarm  so 
abundantly  in  the  Northern  Ocean.  The  spermaceti  whale  (Physiter),  or 
cachelot,  is  sometimes  above  100  feet  long.  This  animal  affords  spermaceti 
and  ambergris. 

The  narwhal  (Monodon),  the  dolphin  (Dolphinns),  aquatic  animals  of 
from  8  to  18  feet  long,  are  all  members  of  this  family.  They  are  remark- 
able for  the  celerity  of  their  movements,  and  are  of  very  rapacious  habits. 
The  above-mentioned  live  on  polypi,  molluscous  animals,  and  fish.  The  fol- 
lowing have  their  anterior  limbs  more  developed,  and  are  herbiverous,  vis., 
the  Arctie  marine  cow  (Manatus  borealis),  and  the  Atlantic  sca^^ow  (M. 
Atlanticus),  and  the  mermaid  (Halicore,  Diigong)^  which  occurs  in  the  seas 
of  the  Indian  Archipelago. 

Second  Class.    Birds  (Ayes). 

114.  The  obvious  characteristic  of  all  the  tribes,  families,  and  individuals- 
of  this  das  is  the  feathers,  with  which  the  body  is  covered.  In  birds,  as  io 
mammals,  we  observe  four  members,  the  anterior  pair  being  wings,  the  pos- 
terior legs ;  also  a  hard  tongue,  a  bill-formed  mouth  without  teeth,  two  nasal 
apertures,  and  externally  open  ears,  but  without  the  external  muscular 
appendage.  Their  long  neck,  composed  of  from  9  to  23  vertebrse,  very 
much  facilitates  the  movement  of  their  body;  the  largeness  of  the  brain 
accounts  for  their  tenaciousness  of  memory,  also  for  their  dodlity,  instinct, 
and  intelligence,  which  are  of  a  high  order,  and  are  remarkably  character- 
istic of  many  birds.  The  pulmonary  apparatus  is  highly  developed,  eY&j 
part  of  the  body  being  permeated  by  the  atmospheric  air,  the  body  is  thereby 
lightened,  and  capable  not  only  of  supporting  itself  in  the  thin  medium 
wherein  it  is  destined  to  move,  but  to  skim  through  it  with  astonishing 
rapidity.  The  powerful  pulmonary  organisation  of  birds  is  not  only  favour- 
able to  rapid  flight,  but  also  to  the  high  development  of  their  vocal  apparatus; 
and  in  fact  they  are  the  only  creatures,  except  the  human,  that  possess  the 
gift  of  song.  The  structure  of  their  bones  is  hollow,  combining  the  greatest 
strength  with  the  least  weight,  and  their  blood  is  of  a  temperature  from  10^ 
to  12°  Fahr.  higher  than  in  the  mammifers. 

The  propagation  of  the  feathered  tribes  is  effected  by  eggs,  which  are 
generally  laid  to  the  number  of  from  six  to  twelve,  rarely  so  many  as  twenty, 
before  hatching  takes  place.  To  the  development  of  the  chick  or  young 
bird,  a  period  of  incubation,  which  generally  lasts  three  weeks,  and  a  tem- 
perature of  about  100°  are  requisite,  and  after  the  brood  is  hatched,  the 
parents  with  solicitous  care  provide  for  the  wants  and  watch  over  the  safety 
of  their  offepring.  They  feed  on  vegetable  food  of  all  sorts,  and  also  on  all 
sorts  of  fish.  They  reside  either  on  the  water  or  on  the  land,  and  often 
alternately  on  both.  Birds  permanently  resident  in  any  country  are  called 
resident  birds,  as  the  sparrow,  for  example ;  some  are  birds  of  passage,  as 
ihe  Jidd/are,  or  migratory,  as  the  swallow. 


DIVISION  OF  BIRDS. 


678 


ImportsDt  dfstingaishiiig  eharaetere  of  birds  are  afforded  by  the  foot  and 
the  bin.  Some  have  feet  adapted  for  swimming,  some  for  walking,  some 
for  mnning,  some  for  hopping,  some  for  climbing.  The  foot  has  no  more 
than  four  toes.  The  femoral  bone  is  short,  and  both  it  and  the  knee  are 
entbely  concealed  by  the  strong  and  massive  muscles  with  which  they  are 
covered,  and  there  is  only  one  tarso-metatarsal  bone  present  which  forms  a 
oontinnation  of  the  leg.  The  bill  is  sometimes  elongated  and  pointed,  some- 
times carved  at  the  extremity,  sometimes  short  and  thick,  and  sometimes 
conical,  sometimes  compressed  horizontally,  sometimes  laterally,  sometimes 
quite  straight  and  cylindrical,  sometimes  hooked.  In  many  birds  the  bill 
at  its  base  is  surrounded  by  a  yellow  membrane  called  the  wax  (cire). 

Independently  of  the  beauty  of  the  feathered  tribes  that  delight  the  senses 
by  the  symmetry  of  their  forms,  the  grace  of  their  varied  evolutions,  the 
splendour  of  their  plumage,  and  the  melody  of  their  varied  and  exquisite 
notes,  they  are  intrinsically  useful  on  account  of  their  flesh,  their  eggs,  and 
their  feathers.  The  injury  they  occasion  is  very  small  in  proportion  to  the 
advantages  which  they  3rield.  It  is  rare  indeed  that  the  largest  and  most 
rapacious  of  them  are  formidable  to  man,  and  no  bird  is  poisonous. 

Birds  are  divided  into  two  grand  divisions,  by  characters  founded  on  their 
structure  and  vital  economy.  The  first  group  is  composed  of  birds  which 
are  hatched  blind  and  callous,  must  be  nourished  for  a  considerable  time  in 
the  nest,  and  subsequently  live  on  one  sort  of  food.  They  hop  on  the 
ground,  and  their  flight  is  rapid  and  without  effort,  and  they  are  mostly  on 
the  wing.  The  birds  of  the  second  grand  division  are  hatched  with  open 
eyes,  and  with  a  flocculous  or  downy  covering;  and  they  no  sooner  leave  the 
egg,  than  tiiey  run  about  and  pick  up  their  food,  which  is  of  various  kinds. 
They  step,  or  waddle^  or  run,  seldom  fly,  and  are  mostly  land  birds,  but 
some  are  aquatic. 

115.  Division  of  Birds. 


A.  Tarsal  bone  feathered  to  the  spur, 
or  nearly  so.. 


1.  Bapaees  or  Raptatores.— With  powerful  logs 

•ad  toes,  ramiabed  with  sbarp-poiiited 
hooked  talons;  biU  with  strong  upper, 
booked  pota&ted  maiulible»  and  oeroons 
membrane. 

2.  Incesmres.— Toes   adapted  tat  bopping  or 

elimblng;  eltws  mostly  compressed.  BiU 
nsually  without  the  drement 

ft.  Rasores.— Toes  partially  united  by  a  small 
fold,  or  quite  distinct.  Claws  not  com- 
preased,  mostly  Uunt;  upper  mandible 
mostly  arched;  sometimes  with  a  drement 


Upper  part  of  the  tarsal  bone  only 
feathered. 


4.  Gursores.  —  L^(s  and  feet  adapted  for  rapid 
motion;  wings  imperfbot,  and  unsuitable 
for  flight 

6.  Grallatores.— Legs  rerr  long,  adapted  for 
wading;  toes  partially  or  slightly  united 
*    by  a  fold,  or  quite  tnm\  rarely  webbed; 
'vnngs  powerfiu. 

6w  Natatores.— Legs  moderately  long;  toes  usu- 
ally   connected,    forming    a   swimming* 
lie:  in  some  tha  toes  are  palmate,  or 


First  Order.    Raptatorm  (B\rd»  of  Prey), 

116.  These  birds  are  distinguished  by  powerful  feet  and  claws,  strength 
of  vision,  and  wings  adapted  for  rapid  flight,  and  in  general  by  an  organi- 
sation suitable  for  preying  upon  other  animals,  though  many  of  them  live 
on  oarrion.  The  indigestible  portions  of  their  food,  such  as  wool  and 
feathers,  they  eject     These  substances  or  pellets  are  firmly  rolled  up,  and 
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are  named  coprolites  when  in  a  state  of  petrification.    The  female  IMb  are 

generally  larger  than  the  males,  and 
they  lay  only  a  few  eggs,  which  are 
hatched  in  an  artlessly-formed  nest, 
nsnally  oonstracted  on  inaocosaihle 
rocks  or  on  high  trees. 

Such  of  this  order  as  prey  by  day 
are  called  dinrnal  birds  of  prey,  and 
compose  the  hmWj  of  the  voltares  and 
falcons,  which  are  clothed  with  short 
feathers  arranged  closely  and  flatly  on 
the  body. 

The  social  vuleures  (Vnltorini)  are 
very  ravenous,  and  are  distinguished 
by  the  want  of  feathers  on  Um  head. 
Among  these  we  notice  the  condor 
(Vultnr  gryphus),  the  largest  of  all 
31  uying  birds ;  the  distance  between  kjs 

extended  wings  measured  from  the  tips 
is  from  11  to  18  feet  This  bird  inhabits  the  lofty  Andes  in  South  Ame- 
rica. The  carrion  vulture  or  Egyptian  vulture  (V.  pemoptenis),  the  gray 
vulture  (V.  cinereus),  the  white-headed  vulture  (V  .leucocephalus  teu  fulvns), 
(fig.  81),  are  the  principal  and  most  common  birds  of  the  sub-order  Vulta- 


82. 

ridae.  Between  the  eagles  and  vultures  naturalists  place  the  lammergeier  or 
bearded  griffin  (Gypa^tos  barbatus,  fig.  32),  which  is  domiciled  in  the  moaa- 
tains  of  Southern  Europe. 

The  falcons  (Aocipitrini)  constitute  a  numerous  family,  distinguished  alike 
by  noble  aspect,  graceful  form,  intelligence,  and  courage.  Their  prey  b 
chiefly  living  birds,  reptiles,  and  other  small  animals,  among  which  may  be 
reckoned  insects.  The  largest  birds  of  this  tribe  are  the  eagles,  of  whieh 
the  most  remarkable  are  the  golden  eagle  (Falco  fulvus),.  the  erne  or  ffreat 
ua  eagle  (F.  albicella),  the  ospre^  or  fishing  eagle  (F.  haliadtoe);  boUi  tke 
latter  are  expert  fishers.  Of  the  smaller  birds  of  the  £iloon  tribe,  vis.,  the 
falcons  proper,  several  of  which  were  in  very  high  estimation  when  the 
seienoe  of  falconry  was  one  of  the  chief  sources  of  amusement^  and  the  mast 
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beloTod  of  iBeM  sports^  the  foUowing  are  the  mosi  remarkable,  vk.,  tbe  fioUe 
or  Iceland  falcon  (F.  ialandious);  the  merlin  (F.  sesalon),  the  kestrel 
(F.  tiDnunciilas),  the  Juiwk  (F.  palombarius),  the  sparrow-hawk  (F.  disus)  ; 
ako  those  birds  of  this  family  distingaiBhed  by  fan-tails,  as  the  kite  (F.  mil- 
Toa),  the  huzxard  (F.  buteo),  and  tiie  gledcj  harpy,  or  moor  buzzard  (F. 
rofus).  The  tecretary  bird  (Gypogeranus  secretarius),  a  native  of  South 
Africa,  distiBgaished  by  very  long  legs,  in  which  it  resembles  the  grallatores, 
also  by  a  tuft  of  feathers  on  its  head,  is  highly  esteemed  by  the  colonbts  of 
the  Cape,  on  aceoant  of  its  incessant  warfare  with  the  serpent  race,  which 
it  i^roys  upon  and  destroys  in  vast  numbers. 

The  nocturnal  or  cr^uscular  predaceous  birds  or  owky  are  covered  with 
loose  very  soft  feathers,  with  very  large  eyes,  unable  to  bear  the  glare  of 
hroiMl  daylight,  and  consequently  prey  by  night,  or  in  the  twilight.  They 
devour  vast  numbers  of  mice  and  similar  vermin,  and  their  services  in  this  • 
respect  are  deemed  very  advantageous.  They  are  followed  and  persecuted 
by  flocks  of  little  birds  during  the  day  if  they  happen  to  appear  abroad. 
The  beet  known  of  this  tribe  are  the  eagle-owl  (Strix  bubo),  the  homed  owl 
(S.  otus),  the  bam^otd  (S.  flammea),  and  screech-owl  (S.  noctua). 

Second  Order.    Ingessores. 

117.  The  number  .of  individuab  comprehended  in  this  order  is  so  immensely 
large,  that  it  has  been  found  convenient  to  subdivide  them  into  several  sul>- 
ordinate  fiimilies.  In  general  th^  feet  are  not  strong,  and  they  have  three 
toes  before  and  one  behind,  opposite  the  three  anterior  ones.  Some  of  them 
have  the  two  exterior  toes  united  at  their  base  bv  a  short  process,  and  in 
some  the  toes  are  connected  as  far  as  the  second  jofnt.  In  the  family  of  the 
PsiUaeidse,  the  toes  are  all  directed  aoteriorly ;  in  the  climbing  birds  two 
are  anterior,  and  two  posterior  (the  exterior  toe  beiog  capable  of  assuming 
a  posterior  direction).  It  is  in  this  order  that  we  find  the  general  and  peou* 
liiur  characters  of  birds  in  the  highest  state  of  development.  They  are  dis- 
tinguished by  rapidity  of  flight,  symmetry,  general  beauty  of  plumage,  often 
el^ancy  and  brilliancy,  activity,  architectural  skill,  docibility,  and  especially 
by  their  exquisitely  melodious  vocal  organisation. 

The  birds  of  this  order  form  either  only  small  tribes,  or  numerous  fami- 
lies. The  first  is  the  case  in  the  nightrjar  or  goatrsacker  (Caprimulgus), 
remarkable  for  the  extensive  opening  of  its  mandibles,  a  conformation  well 
adapted  to  its  predaceous  economy,  viz.,  catching  insects  while  on  the  wing« 
and  the  swifts  (Cypselus),  which  build  their  nests  in  towers  and  steeples. 

The  singing  birds  (Canores)  compose  an  entire  section  of  this  order, 
amongst  which  are  reckoned  the  swallows  (Hirundo) ;  of  these  there  are  the 
chimney-swaUoWj,  the  martin,  or  house  swaMow,  and  the  bank  swallow  or 
sand'm^irtin.  One  of  these  is  the  esculent  swallow  (H.  esoulenta),  which 
18  found  in  the  Indian  Archipelago,  and  forms  its  nest  of  a  gelatinous  sub- 
stance, which  it  finds  in  the  surrounding  seas.  This  is  the  celebrated  deli- 
cacy known  in  commerce  by  the  name  '^birds'  nests."  The  bla/chcap 
(Muscici4)a),  one  of  the  fly  catchers,  is  a  bird  of  passage.  The  butcherbird, 
sad  the  Jinsher  (Lanius  excubitor  and  oollurio),  are  rapacious,  preying  on 
inseets,  and  not  seldom  on  smaller  individuals  of  the  feathered  creation.  In 
the  fomily  of  the  thrushes  (Merulidse),  we  meet  with  the  beautiful  yellow 
oriole  (Oridus  galbula),  the  mistel-thrtuh  (Turdus  viscivoros),  the  fieldfare 
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(T.  pilaris),  the  sang-d^ruMh  (T.  musious),  the  blackbird  (T.  mernk),  and 
^e  spotted  thrush  (T.  poljglotta).  Some  of  the  above  named  are  celekttod 
as  delicate  eating,  some  as  singing  birds;  in  the  latter  quality  they  are,  how- 
ever, infinitely  surpassed  by  the  songsters  or  warblers  proper  (Sylvid»), 
mostly  small  and  sober-coloured  birds.  The  niightingcde  (Sylvia  luseinia) 
is  celebrated  above  all  birds  for  the  compass,  variety,  and  melody  <^  its  note, 
and  the  following  also  contribute  their  share  to  the  animation  and  charm  of 
our  woods,  groves,  and  hedges,  viz.,  the  gra%^  linmH  (S.  cinerea),  the  Uach- 
cap  (S.  atrooapilla),  the  redMart  (S.  erithacus),  the  redbreast  (S.  robeenla), 
and  the  reed-warbler  (S.  arundinacia).  The  smallest  of  our  native  biidfl 
belong  also  to  this  tribe,  viz.,  the  goldeiv-crested  and  common  torens  (S. 
liegulus  and  8.  troglodytes). 

Better  known  than  the  Alpine  warbler, (AcQeutoT  alpinns),  and  ihepipett 
(An thus),  are  the  beautiful  loagtail  (Motacilla),  and  the  tree-lark  or  tree- 
creeper  (Certhia),  the  pert  lively  siskins,  the  most  common  of  which  are  the 
great  titmouse  (Parus  major),  the  blue  titmouse  (P.  ooBruleus),  the  hnf- 
tailed  tit  or  botde  tit  (P.  pendulinus),  which  is  celebrated  for  its  ingenionsly- 
constructed  nest,  often  suspended  over  water,  sottic^ times  among  reed«,  and 
the  nuthatch  (Sitta).  The  Bohemian  wax-wing  { Xmpolh  garriiJa)^  and  the 
beautiful  yellow  chatterer  are  of  rarer  occurrence  iktiu  the  above. 

The  raven  tribe  (Corvinee),  a  family  of  larger  bird  a,  are  distinguish  od  bj 
their  large  and  strong  bill,  and  loud,  shrill,  or  croaking  voice ;  they  masilj 
live*6n  fruit  or  kernels,  sometimes  on  worms,  grubsi  fleshy  ^.     To  tbc^ 

belong  the  jay  (Con*ua  glundariua),  the  ^nt^i'j^ 
pie  (C,  pica),  tbo  cJiov*/h  or  Jcff^kdnw  (C. 
moneaula),  the  hmfkd  rrow  (C,  oomi^)^  ibc 
seed  crow  or  rook  (C  fmgilegus^},  the  tymim'>}i 
crow  (C.  corone)j  and  the  raven  (0*  c«f*^)' 
which  occasionally  Bvh<^s  ^mall  quriMHUM 
These  are  all  known  by  their  miMtly  CM 
plumage,  and  by  their  capacity  of  uttering  dis- 
tinct sounds.  This  latter  faculty  is  characte^ 
istic  of  the  starling  (Stumus  vulgaris),  and  of 
the  African  beef-ecUer,  which  picks  out  and 
devours  the  grubs  in  the  hides  of  the  cattle 
while  grazing.  The  bird  of  paradise  (fig.  33), 
only  found  in  New  Guinea,  and  highly  prised 
for  its  beautiful  long  feathers,  also  belongs  to 
this  section. 

The  granivorous  birds  feed  their  young  wiA 
insect  food,  and  are  also  distinguished  by  their 
habit  of  congregating  in  large  flocks,  and  they 
occasionally  do  some  damage  in  the  newly-sown  fields.  There  are  some  of 
these,  however,  that  form  an  important  item  in  the  dietetic  economy. 
Among  these  the  following  are  the  most  important,  viz.,  the  field  lark 
(Alauda  arvensis),  the  crested  and  lieath  larks,  the  yellow  hammer  (Em- 
beriza  citrinella),  the  snow  bunting  ^E.  nivalis),  and  the  delicious  or/ofoa 
(E.  hortulana).  The  finches  ^Fringilla)  are  among  the  most  common  of 
our  birds,  particularly  the  chafiinch  (F.  coelebs),  the  greenfitich  or  (hisds- 
finch  (F.  oarduelis),  the  hawfinch,  the  gray  linnet  (F.  cannabina),  the 
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^rt/Oi-jiwih  (F.  spinus),  and  the  canary  (F.  canaria),  the  well-known  domestic 
sioging  bird,  originally  introduced  from  the  Canary  Islands  several  hundred 
years  ago.  •  All  these  birds  are  easily  kept  in  confinement,  and  are  prised 
for  their  song,  which  is  not  the  case  with  the  sparrow  (F.  domestaca),  whose 
plumage  is  more  becoming  than  its  other  qualities.  The  following  are  rather 
larger  birds,  viz.,  the  bullfinch  (Loxia  pyrrhula),  the  jnn&finch  (L.  enudea- 
tor),  and  the  crossbill  (L.  curvirostra). 

In  the  sub-order  tenuirostres  are  found  the  smallest  of  all  birds;  viz.,  the 
bumming  birds  (TrochiluS|  fig.  84),  which  are  natives  of  South  America, 


and  are  very  numerous.  They  are  further  remarkable  for  the  splendid 
metallic  lustre,  or  brilliant  hue  of  their  feathers ;  they  live  on  small  insects 
which  they  pick  out  of  flowers ;  hence  the  erroneous  notion  that  they  suck 
the  saccharine  juices  of  blossoms.  The  Tioopoo  (Upupa  epops)  is  larger 
than  the  above,  and  is  adorned  with  a  feathery  crest  or  crown.  Another 
sub-section  is  formed  of  birds  with  a  tarsal  membrane  uniting  the  base  of 
their  toes,  and  whose  bill  is  disproportionately  large.  Among  these  are 
arranged  the  homhiU  (Buceros),  the  lee-eater  (Merops),  and  also  the  kinj- 
Jisher  (Alcedo),  which  has  a  quadrangular  bill. 

The  climbing  birds  (Scansores)  have  their  toes  arranged  in  pairs,  two 
anterior  and  two  posterior,  as  in  the  ctickoo  (Cuculus  canorus),  so  remarkable 
for  its  monotonous  note,  and  for  laying  its  eggs  in  the  nests  of  various  singiii? 
birds,  which  hatch  and  feed  the  intruder  at  the  expense  of  their  own  natural 
offspring.  The  honey  cuckoo  (C.  indicator),  which,  by  its  note,  bewrays  the 
37 
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stores  of  honey^  collected  by  wild  bees^  is  a  native  of  the  Cap^  and  a  ] 
ber  of  this  sub-order ;  so  also  is  tbe  toucan  (Rhampastos),  with  his  enormoua 
bill ;  and  the  woodpeckers,  which  seek  their  insect  food  in  the  bark  of  trees, 
for  which  purpose  their  strong  sharp-pointed  bills  and  wiry  rigid  tongues  are 
admirably  adapted.  The  black  woodpecker  (Picas  martins)^  the  ^reen 
woodpecker  or  popptnjay  (P.  viridis),  the  spotted  woodpecker  (P.  Tariua), 
and  the  wryneck  (Jynx)  belonging  to  the  same  tribe. 

The  great  family  of  the  parrots  and  paroquets  form  the  last  tribe  of  this 
large  order.  These  have  yery  large  and  powerful,  carved  upper  mandibles, 
the  lower  short  and  obtuse,  invested  at  the  base  with  the  cercoos  membrane. 
These  birds  are  famished  with  a  thick  fleshy  tongue,  and  are  able  to  mimio 
the  human  voice ;  the  sounds  which  they  utter  are  shrill  and  disagreeable ; 
they  are  only  found  in  tropical  regions,  and  feed  chiefly  on  fruit,  rarely  on 
insects  or  flesh.  There  are  above  200  species  of  the  parrot  tribe  (Psittacns), 
all  remarkable  for  the  splendour  of  their  plumage  and  the  drollness  of  their 
gestures^  the  common  gray  parrot  (Ps.  erithacus),  the  cockcUoo  (Ps.  cris- 
tatus),  the  blue  maccaw  (Ps.  ararauna),  and  the  red  maccaw  (Ps.  macao, 
fig.  35),  and  the  parrakeets  (Ps.  puUarius),  are  pretty  generally  known. 

TnmD  Order.    Rasores  (Oallinacei). 

118.  The  domestic  ibwls  have  a  short,  rather  carved  bill,  and  strong  feet 
peculiarly  adapted  for  scratching;  they  rarely  fly,  have  a  disagreeable  shrill 
cry,  but  are  highly  esteemed  for  their  delicate  flesh  and  eggs ;  the  young 
come  out  of  the  sheU  with  the  power  of  sight  and  motion,  and  immediately 
mn  about  and  pick  up  their  food ;  the  cock  birds  are  larger  and  more  beau- 
tiful than  the  hens. 

Among  the  pigeon  tribe  (Columbie),  all  of  which  live  in  pairs,  and  feed 
their  helpless  young  for  a  considerable  period,  we  notice  the  ringdove  (C. 
palumbus),  the  wood  pigeon  (C.  oenas),  the  turtledove  (C.  turtur)^  the 
rock  pigeon  (C.  risoria),  and  the  passenger  pigeon  (C.  mimtoria),  which 
passes  from  central  to  North  America  in  sueh  enormous  flodm;  and  finally 
the  crowned  pigeon  (C.  eoronata). 

Under  the  section  of  game  birds  (Tetraonid»)  we  note  the  capercailde 

STetrao  urogallus),  the  blade  cock  (T.  tetrix),  the  hazd  grouse  (T.  bonasia), 
e  red  grov-se  (T.  scotica),  the  ptarmigan  (T.  lagopus),  which  changes  its 
plumage  in  winter,  and  prefers  alpine  localities,  and  the  common  parfridgt 
(T.  perdrix),  always  after  the  breeding  season  appearing  in  little  flocks  or 
coveys,  under,  as  it  is  said,  a  single  cock  bird,  and  lastly  the  quaQ  (T, 
cotumix). 

Among  the  family  of  hens  proper  (Phasianidae),  which  originally  came 
from  Asia,  and  are  distinguished  by  the  gorgeousness  of  their  plumage,  we 
find  the  peacock  (Pavo),  a  bird  proudly  conscious  of  his  superiority,  and 
displays  his  splendour  to  the  admiring  beholder,  the  soberer  coloured  dome:8iic 
cock  (Pbasianus  gallus),  the  comrrwn  pheasant  (Vh,  colchicus),  the  gold  and 
silvei'  pheasants  (Ph.  pictus  and  nycthenaerus),  the  argus  phea^sant  {Kr^sLS^^ 
the  guinea  hen  (Numida  meleagris),  and  the  turkey  of  North  America 
(Meleagris .  gallopavo). 

The  Lyre-tailed  bird  (Menura),  a  remarkable  bird  of  New  Holland,  with 
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a  carious  tail ;  and  the  long  extinct  Dodo  (Didos),  an  immensely  huge  bird 
discovered  in  the  Isle  of  France  in  1598. 

Fourth  Order.    Cursores. 

119.  This  order  comprehends  the  largest  birds,  scarcely  capable  of  flight 
because  of  the  shortness  or  deficiency  of  their  wing  feathers.  The  length 
of  their  legs  and  the  structure  of  their  foot,  however,  qualify  them  hv  out- 
stripping the  fleetest  horse  in  rapidity  of  flight.  They  are  excessively  eda^ 
cious,  devouring  all  sorts  of  food,  vegetable  and  animal.  There  are  only  a 
few  birds  belonging  to  this  order^  the  chief  of  which  are,  the  kivri  (Apterix 
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anstralis),  the  cassowary  (Casuarius  indicus,  fig.  36),  and  the  greatest  of  all 
birds,  the  two-toed  ostrich  (Struthio  camelus,  fig.  37),  which  is  from  6  ft.  to 
8  ft.  high,  and  yields  the  celebrated  ornamental  feathers.  This  bird  is  com- 
mon in  Central  and  South  Africa,  and  in  the  south-west  of  Asia;  it  lays 
its  eggs  in  the  sand,  and  leaves  them  to  be  hatched  by  solar  heat.  In  more 
temperate  regions  it  hatches  its  young  by  incubation.  In  South  America 
we  find  the  Siree-toed  ostrich  (Rhea  Americana),  and  in  New  Holland  the 
emu  (Rh.  Novse  HoUandiad). 

FnTH  Order.    Grallatores. 

120.  The  birds  of  this  order  connect  the  hist  with  the  following,  viz.,  the 
mnning  birds  with  the  natatores.  Their  long  legs  fit  them  for  wading, 
while  their  webbed  or  half-webbed  toes  are  well  adapted  for  swimming. 
These  birds  constantly  fly  with  outstretched  legs,  and  live  in  swampy  moist 
places,  or  on  the  banks  of  rivers,  lakes,  &c.  Their  food  is  worms,  insects, 
grubs,  snails,  slogs,  reptiles,  and  fish,  which  they  meet  with  in  their  accus- 
tomed haunts. 
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The  Kreamer  (Palamedes),  a  bird  of  South  America,  distingnished  by 
strong  spurs  on  the  bend  of  its  wings,  and  the  bustard  (OUs  tarda),  which 
is  a  rare  visitant  of  this  country,  belong  to  this  order. 

Among  the  family  of  the  herons  (Herodii),  we  place  the  crane  (Gnis), 
the  various  kinds  of  herons  ( Ardea),  as  the  common  heron  (A.  cinerea),  the 
white  heron  (A.  aegretta),  which  produces  the  beautiful  feathers  manufac- 
tured into  artificial  plumes;  the  bittern  (A.  stellaris).  Of  the  genus  stork 
^Ciconia),  we  notice,  in  addition  to  our  ancient  and  well-known  intimate 
nriend,  the  Indian  marabu  and  the  African  or  adjutant  stork  (Ar- 
gala,  fig.  38),  very  large  birds,  which  devour  multitudes  of  noxious  ani- 
mals, and  clear  the  streets  and  ways  of  much  putrescent  matter.     The  white 
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tul-feathers  of  this  stork  are  employed  by  the  orientals  in  the  preparation 
of  plumes.  In  Africa  also  we  meet  with  the  ^reat  ibis  riantalus  ibis,  fig. 
39),  and  the  sacred  ibis  (I.  religiosa),  which  is  veneratea  in  Egypt  as  the 
harbinger  of  the  annual  inundation  of  the  Nile,  and  was  frequently  embalmed 
and  mummified.  The  spoonbill  (Platalea),  remarkable  for  its  broad  flat  bill 
and  its  very  long  legs;  also  the  flamingo  (Phoenicopterus),  distinguished  by 
its  rosy-red  feathers  and  scarlet  wings,  and  an  extraordinary  length  of  neck, 
are  members  of  this  fi&mily. 

The  smaller  birds  of  the  same  order  are  the  plover  tribe  (Charadriadae), 
which  seek  their  food  mostly  on  the  borders  of  rivers,  &c.,  as  the  goldtn 
plover  (Charadrius),  the  lap-wng  or  peewit  (Vanellus),  the  turn-stone  (Strep* 
silas),  the  oyster-catcher  (Haematopus),  the  red-shank  (H.  rufipes),  and  the 
curlew  ^Recurrirostra),  with  a  long  recurved  bill. 

The  family  of  the  snipes  (ScolopaoidsB)  are  furnished  with  a  long,  flexible 
and  susceptible  bill,  employed  in  searching  for  worms,  snuls,  &c.,  in  the 
muddy  soil.     Among  these  we  meet  with  the  green-shanks  and  sand-pipen 
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(Totanos  glottis  and  stagnatilis),  the  woodcock  (Scolopaz  nxsticola),  the 
common  snipe  (Sc.  media),  and  the  temy  or  ruffe,  of  the  sea-shore  (IVinga). 
The  water-hem  (Ballidae)  live  entirely  in  the  water,  and  dive  as  well  as 
swim,  and  hereby  they  approach  very  closely  to  the  natatores.  Among  these 
are  included  the  water-rail  (Rallus  aqnaticus),  the  moor-hens  (Gallinula), 
among  which  we  notice  the  laml-rail  (G.  grex),  and  the  common  water,  or 
moor-hen  (Gr.  chloropus),  the  beautiful  purple-rail  ^Porphyrio),  the  sand- 
piper (Parra),  remarkable  for  very  long  toes  and  a  sharp  spur  on  its  wing, 
and  the  black  water-coot  (Fulica  atra),  common  in  ponds  and  lakes. 

Sixth  Order.    Natatores. 

121.  These  birds  have  short  legs,  and  feet  adapted  for  swimming;  the  toes 
being  connected  by  a  strong  membrane. 
Their  feathers  are  very  close,  and  they  are 
further  protected  from  the  water  and  cold 
by  a  downy  skin.  Except  at  brooding  sea- 
sons they  live  constantly  on  the  water,  and 
mostly  subsist  on  fish,  consequently  their 
flesh  is  generally  rank,  with  an  oily  flavour. 
They  form  several  families,  as  under. 

The  divers  (Colymbidas),  owe  their  name 
to  the  dexterity  wherewith  they  immerse 
themselves  in  water,  as  the  crested  diver 
(Colymbus  cristatus),  and  the  great  north- 
em  diver,  (C.  Septentrionalis).  To  the 
polar  zone  belong  the  waddling  auks  (Alca), 
viz.,  the  great  auk,  or  arctic  penguin  (A. 
impennis),  the  gniUemot  (Uria  troile),  the 
red  merganser,  or  goosander  (Mergulus),  the  puffin  (Mormon). 

The  manchots,  or  penguins  (fig.  40),  of  the  Southern  Athmtio  and  Pacific 
Oceans,  are  furnished  with  very  short  wings,  ill  adapted  to  support  their 
clumsy  fat  bodies;  their 
legs  arc  also  very  short, 
and  so  situated  that  the 
bird  stands  almost  upright 
when  on  its  legs.  Itisnot- 
withstandingjwell  adapted, 
by  its  warm  down  and 
thick  feathers,  as  well  as 
by  its  fatness,  for  living 
in  water.  Both  feathers 
and  oil  are  valuable  to 
the  inhabitants  of  Pata- 
gonia and  Van  Biemen's 
Land. 

The  family  of  the  peli- 
cans (PelecanidaD),  is  dis- 
tinguished among  all 
aquatic  birds  by  the  great 
extent  and  power  of  their 
wings.     The  red  beak  and  enormous  pouch  of  the  pelican  (Pelecanus  ono- 
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crotalus),  (fig.  41),  have  given  rise  to  the  sajing  that  this  lard  aonnshes  her 
young  by  her  own  breast.  The  aea-raven,  or  cormorafU  (Halieus  carbo), 
the  frigate^ird  (Tachjpetes^  fig.  42)^  and  the  iropiohird  (Ph2eton)|  are 
members  of  this  tribe. 


The  guUsj  gregarions  birds  (Laridsee),  are  also  remarkable  for  their  extent 
and  power  of  wing,  which  is  sharply  pointed.  The  ieortwallow  (Sterna 
hirundo),  the  glaucous  guU  (Larus  glaucns),  the  herring-gull  (L.  argen- 
tatus),  the  meic-guU  (L.  canus),  and  the  robher-gull  (Lestris),  are  the  prin- 
cipal birds  of  this  sub-order. 

Among  the  petrels  (Procellaria)  are  included  the  fulmar  of  the  Arctic 
seas  (P.  Glacialis),  Su  Peter's  fowl  (P.  pelagica),  and  the  celebrated  alba- 
tross (Diomedeaj. 

The  family  oi  the  anatidee  are  upon  the  whole  the  most  useful  of  all  the 
aquatic  fowls,  the  feathers  of  which  are  so  extensively  used  in  the  stuffing  of 
beds,  &c.,  and  formerly  were  the  staple  article  in  the  manufacture  of  pens. 
They  have  recently  been  superseded  by  the  substitution  of  a  more  durable 
material.  Their  flesh  and  eggs  are,  however,  still  in  estimation.  The  goose 
(Anser  cinereus),  the  ancient  guardian  of  the  Roman  capital;  the  swan 
(Cygnus  olor);  many  species  of  ducks,  particularly  the  wild  duck  (Anas 
boschas),  the  eider  duck  (A.  mollissima),  famous  for  its  down,  and  the 
goosander  (Mergus),  are  members  of  this  family. 

Third  Class.    (Reptilia  Amphibia). 

122.  The  animals  composing  this  class  are  either  entirely  naked  or  their 
skin  is  covered  by  scales  or  homy  plates.  Their  nasal  aperture  is  in  the 
ihroat,  and  through  this  they  breathe.  Some  of  them  at  an  early  stage  of 
their  existence  have  gills,  which  subsequently  disappear;  but  in  several  these 
organs  are  permanent.  The  ear,  although  developed,  is  not  externally 
visible. 

Their  blood  has  the  same  temperature  as  the  medium  wherein  they  live. 
Their  muscular  system  is  highly  developed,  separated  into  bundles  by  a  mem- 
branous integument,  and  they  are  consequently  capable  of  exerting  much  force 
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in  their  motions  and  general  economj.  Their  capability  of  reprododng  a 
member,  that  they  may  have  accidentally  lost,  is  also  very  remu^kable. 
Their  power  of  ntteranee  seems  to  be  as  limit^  as  in  fishes,  for,  with  the 
exception  of  the  serpent's  hiss  and  the  croaking  of  frogs,  this  class  does  not 
possess  the  organs  of  sound. 

In  external  organisation  they  show  much  diyersity.  Some  have  4  feet, 
some  2  feet,  and  some,  as  the  serpents,  have  nothing  analogous  to  these  loco* 
motiye  organs.  With  few  exceptions  they  increase  by  eggs ;  yet  they  never 
produce  such  an  enormous  progeny  as  the  fishes  do. 

The  number  of  genera  is  small,  amounting  on  the  whole  to  only  1270. 
In  the  transformations  they  undergo  in  skin,  shape,  and  colour,  they  approxi- 
mate to  the  insect  class. 

The  feeliug  which  the  reptile  class  excites  in  us  is  generally  that  of 
aversion,  disgust,  apprehension,  or  even  hatred.  This  is  partly  occasioned 
by  their  solitary,  lurking,  predaceous  habits ;  by  their  preying  on  the  defence- 
less smaller  animals,  which  they  never  attack  openly,  but  fall  upon  them 
unawares.  This  is  besides  the  only  class  of  venomous  animals,  many  of 
which  are  furnished  with  the  most  deadly  poisons.  Their  naked  body  is  also 
an  obiect  of  disgust  to  a  higher  order  of  beings.  They  are  all  unsocial, 
devoid  of  instinctive  crafit,  manifest  no  attachment  to  their  young,  and  are 
of  very  little  practical  utility. 

128.  Division  of  the  Reptilia. 


A.  Heart  with  two  auricles,  and  imper- 
fectly diyided  yentriclcs ;  undergo  no 
change ;  skin  covered  with  scales  or 
plates. 

B.  Heart  simple;  t.  e.,  without  sepa- 
rate cavities;   change;  with  gills; 
skin  naked. 

L  ChelonU-TorUet. 

2.  Saurl— LUards. 

3.  Serpentes— Serpents. 

4.  BatrachiaD— Frogs. 

4-footcd,  with  united  Im- 
moTOftble  ribn.    Ster- 
num broad;  without 
teeth. 

4-fi)oted   (rurely   2   or 
Don6);  with  moTeaUe 
ribs,  and  under  maxil- 
lary united. 

Without  feet;  no  eye- 
Ud0;  ribs  moreablo; 
no    sternum;   under 
maxllloiT  united  Ij 
cartUnge. 

4.footed  (rarely  with  2 
or  no  feet) ;  ribs  short, 
or  wanting. 

1 

First  Order.    Chelonia  (the  Turtle  Tribe'). 

124.  The  organisation  of  the  skeleton  of  this  tribe  of  animals  is  apparently 
very  anomalous ;  for  the  ribs  and  sternum  are  placed  quite  at  the  exterior 
of  the  body,  and  united  so  as  to  form  a  broad  dorsal  shield,  and  an  equally 
strong  pectoral  plate,  in  which  the  animal  lives,  surrounded  by  armour  more 
or  less  perfectly  united,  the  sutures  being  covered  with  horny  plates  or  strong 
coriaceous  membrane.  These  are  the  most  useful  of  all  the  reptile  class, 
their  flesh  and  eggs  being  most  delicious  and  nutritious  food.  In  many 
places  where  they  are  not  liable  to  much  disturbance  they  are  found  in  very 
considerable  numbers. 

Their  shell,  called  tortoise-shell,  is  manufactured  into  many  useful  and 
ornamental  articles.  Of  this  tribe  the  following  deserve  to  be  noticed :  the 
btnd  tortotie  (Testudo  graeca),  the  geometrical  tortoise  (T.  geometrica),  the 
muff-box  tortoiae  (Cistudo),  the  marsh  tortoises  (fimys)  of  the  Orinoco, 
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which  oome  in  ffreat  shoab  to  the  Tortoaa  Ishmdfl  to  Ity  their  eggs,  of  wfaldi 
millions  are  collected  and  manofactored  into  oil;  the  European  tortoim 
(E.  enropsea),  the  rapacious  and  gluttonous  river  tortoue  (Aspidoneotes), 
with  leathery  shields ;  the  marine  tortoi$e,  among  which  are  the  giant  toriouty 
(Chelonia  mydas),  from  6  feet  to  7  feet  long,  which  weighs  about  900  Ihs., 
and  yields  the  beautiful  material  called  tortoise-shell.  These  abound  about 
the  Mediterranean  Sea  and  the  Atlantic  Ocean,  as  well  as  the  edible  tortoim 
(Gh.  esculenta),  so  celebrated  in  the  concoction  of  the  Yimous  tortie  soup. 

Sboond  Order.     Sauri  {the  Lizard  Tribe). 
125.  Of  the  three  sections  into  which  this  order  is  subdivided,  we  notice 


first  the  armed  lizardt  (Loricati),  whose  bodies  are  covered  with 
shields.  The  crocodile  (Crocodilus),  and  other  equally  dangerous  aquatie 
reptiles,  which  in  internal  structure  bear  a  close  resemblance  to  the  mam- 
miferous  quadrupeds,  belong  to  this  section. 

The  most  famous  of  these  is  the  crocodile  of  the  Nile  (C.  vulgaris,  % 
48),  which  is  from  20  to  80  feet  long;  and  the  gainal,  or  crooodUe  of  the 


48. 

Oanges  (C.  gangeticus),  distinguished  by  its  lone  and  slender  upper  and 
lower  maxillanes  or  jaws.  The  American  crocodHe  is  called  the  aRigatorj 
or  cabman  (0.  tucius),  and  has  a  wider  and  less  extended  maxillary  apparatos. 


Among  the  petrified  organic  remains  of  similar  animals  we  meet  with  the 
ichthyosaurus^  fig.  44,  and  jplcsiosaurus,  fig.  45,  with  feet  formed  for  swim- 
ming, from  30  to  50  feet  long,  and  with  90  vertebrae. 

46. 

The  section  of  scaly  sauriaos  embraces  also  the  family  of  the  mouitort^ 
The  monitor  of  the  Nile  (M.  niloticus),  is  useful  for  destroying  the  egci 
and  the  young  of  crocodiles.    The  monitor  of  Guinea  (Thoricds  dracsemi), 
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is  about  5  feet  long  and  resembles  die  crocodile.  The  gray  and  green 
Uzards  (Lacerta  agilis  and 
L.  viridis),  are  harmlesB, 
pretty,  little,  active  crea- 
tures. The  chameleon 
rChamseleo  Afrieanus,  fig. 
46),  possesses  the  faculty 
of  chaDging  its  colour  in 
BO  remarkable  a  manner, 
that  '*  changeable  as  a  cha- 
meleon" is  proverbial. 

The  flying  dragon  (Dra- 
co volans,  fig.  47),  a  small 
Javanese  lizard,  is  charac- 
terised by  a  thick  fleshy  tongue  and  a  membranous  expansion,  by  which  it 
suspends  itself  in  the  air,  but  it  is  incapable  of  rapid  or  continuous  motion 


in  this  element ;  and  the  crested  basilisk  (Basiliscus  mitratus),  the  leguan 
(Iguana),  several  feet  long,  and  affording  edible  flesh,  the  lively-coloured 
aTio^M  r Anoli),  \\iq  radiate  lizard  (Stellio),  and  finally,  the  gecJco,  a  nocturnal 
sluggisn  creature,  with  peculiarly  expansive  feet,  by  which  it  can  crawl  up 
walls,  are  all  members  of  this  sub-order.  Of  this  latter  hideous  reptile,  one 
species  (Platydactylus)  is  found  in  the  south  of  Europe. 

Among  the  following,  characterised  by  a  forked  tongue,  and  a  suppression 
or  a  modification  of  their  members,  whereby  they  are  apparently  similar  to 
the  true  serpent  family,  we  notice  the  following :  viz.,  the  pseudopodesy  or 
fahe-foots  (Pseudopus),  which  have  no  fore-legs,  and  only  possess  the  hind 
feet  in  a  rudimentary  condition ;  the  glass-snake  (Ophiosaurus) ;  the  skink 
(Scincus),  formerly  used  in  medicinal  preparations;  and,  finally,  the  common 
blind  worm  (Anguis  fragilis),  which  brings  forth  its  young  alive,  and  in  its 
whole  internal  structure  differs  from  the  snakes,  with  which  in  external 
appearances  it  has  so  great  a  resemblance. 

The  annular  lizards,  or  ophiosaurians  (Annulati),  with  imbricated  scaly 
skins,  are  the  last  and  smallest  section  of  this  sub-order ;  the  Ampkishean 
(Amphisbsena),  and  many  other  serpent-like  lizards,  belong  to  it. 


ggg  ZOOLOGT. 

Thibd  Ordir.     Sbrpentes  (the  Serpent  Tribe). 

126.  There  is  a  great  similaritj  in  the  internal  stracture  of  serpents. 
Their  head  is  small,  but  the  month  is  very  expansible  on  account  of  the 
maxillary  bones  being  separate  and  only  united  by  an  expansive  cartilaginoos 
elastic  substance.  Hence  they  can  swallow  objects  larger  than  themselTes. 
Many  of  them  are  furnished  with  hollow  teeth,  containing  a  venomous  fluid 
secreted  in  a  peculiar  gland,  which  renders  the  bite  of  these  animals  so  dan- 
gerous. They  frequently  slough,  or  cast  their  skins,  and  the  most  of  them 
are  natives  of  tropical  and  sub-tropical  regions.  The  following  are  some  of 
the  more  important  members  of  the  serpent  tribe,  viz., 

The  SoiUh  American  coral  maJce  (Ilysia  syctale),  of  a  beautiful  coral  red, 
variegated  with  black  bands;  the  cylindrical  corid  make  (Cylindrophis). 
The  monsters  of  the  order,  however,  are  the  6oa<,  certainly  not  venomous, 
but  of  enormous  size,  viz.,  from  30  feet  to  40  feet  long,  and  of  incredible 
muscular  strength,  destroying  the  most  powerful  quadrupeds  by  gradual  and 
continuous  pressure  in  their  mighty  folds.  The  hoa  constrictor  and  the 
marine  hoa  (B.  marina),  are  natives  of  Brazil;  whilst  the  tiger  hoa*  (Python 
tigris  and  bivittatus)  of  the  East  Indies  are  not  uncommonly  exhibited  in 
menageries. 

The  harmless  snakes  (Coluber),  are  not  uncommon  in  Europe^  as  the 
common  fDOter-maJce,  or  collared  adder  (0.  natrix),  which  is  steel  gray,  with 
white  and  black  spots  on  the  belly,  and  a  yellow  ring  about  the  neck ;  the 
yellow  water-makcy  or  yellow  viper  (C.  flavescens),  from  8  feet  to  5  feet 
long,  is  frequent  in  the  Sclangenbad  of  Germany,  and  the  common  ringed 
snake  is  frequent  in  England. 

One  of  the  most  beautiful  of  the  tribe  is  the  South' American  green  tre^ 
make  (Dryophis). 

Among  the  venomous  serpents  (Venenosi),  we  find  in  the  Indian  Ocean 

the  sea-mMkes  (Pelamys  and  Hydrophis), 
with  broad,  flat,  compressed  tails,  whieh 
they  employ  as  rudders  in  steering  their 
course  through  the  watery  element ;  and  in 
Brazil  the  cinnabar-red,  and  black  and  white 
ringed  makcy  or  coral  viper  (Elaps  ooralli- 
nus) ;  the  spectacled  and  haje  sna^  (Niga 
tripudians),  of  India,  which  performs  an 
important  part  in  the  idolatrous  rites  of  the 
natives,  and  also  in  the  juggling  tricks  of 
itinerant  mountebanks,  is  one  of  the  most 
dangerous  of  the  venomous  tribe.  This 
creature  when  excited  has  the  power  of 
bending  its  cervical  vcrtebrsQ  into  a  sort  of 
collar  behind  its  head.  The  jugglers,  be- 
fore exhibiting  their  tricks  with  it,  contrive 
to  exhaust  the  venom  by  causing  it  repeat- 
edly to  bite  a  piece  of  cloth.  They  also 
___  understand  how  to  render  the  poison  inoco- 
48.  ous  by  tapping  its  head,  or  by  pressure  of 

the  brain. 
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In  our  own  country  the  common  viper  (Yipera  berus),  is  not  an  uncommon 
though  unwelcome,  intruder  in  warm  sunny  places  in  the  vicinity  of  woods, 
especially  on  chalky  soil.  It  is  2  feet  long,  of  a  gray-brown  colour,  with 
zigzag  bands  oyer  and  along  the  back.  To  small  animals  the  viper's  bite  is 
mortal,  and  under  certain  circumstances  it  is  dangerous  to  man.  In  all  such 
accidents,  suction,  excision,  or  cauterising  of  the  wound  is  advisable.  The 
most  common  of  the  venomous  serpents  of  the  Antilles  and  Brazil  are  the 
lance-headed  vipers^  or  ccphias  (Trigonocephalus).  The  rattle-makes  (Cro- 
talus  horridus,  fig.  48),  in  South  America,  and  (C.  durissus)  in  North 
America,  are  not  less  formidable.  The  dry,  hard,  caudal  ringlets,  or  homy 
cells,  that  are  attached  to  their  skin,  occasion  the  peculiar  rattling  noise, 
when  the  animal  moves,  that  gives  notice  of  its  proximity.  The  power  of 
charming,  or  bewildering,  or  attracting  small  animals  within  their  deadly 
fanfs,  is  said  to  be  the  effect  of  a  powerful  odour  which  they  have  the  means 
of  diffusing. 

Fourth  Order.  BATRAOHiiE  (the  Frog  Tribe'). 

127.  The  batrachian  reptiles  have  a  naked  skin,  and  they  have  either  no 
ribs  or  only  these  in  a  rudimentary  form.  They  are  developed  from  the  ova 
in  an  ichthyous  condition,  with  extended  outward  gills,  and  reach  their  final 
and  perfect  form  after  many  transfor- 
mations and  sloughings.  In  several 
the  gills  are  permanent 

The  first  section  of  this  order  con- 
tains the  ecaudate  (tailless)  frogs, 
which  have  no  trace  of  ribs,  but  pos- 
sess very  long  hind  legs,  hence  their 
hopping  motion.  We  find  here  the 
American  pipa  (Pipa  americana), 
which  bears  her  eggs  and  young  for 
a  considerable  time  on  her  back ;  the 
beautiful  green  tre&/rog  (Hyla  or- 
borea,  fig.  49),  which  is  often  seen  as  ^^ 

an  inmate  of  our  houses,  generally 

being  kept  in  wardian  glass  cases ;  the  male  firog,  distinguished  by  his  black 
throat,  utters  his  small  croak  at  any 
unusual  noise  or  excitement.  The 
French  frog  (Rana  esculenta),  is  not 
quite  a  stranger  in  our  island,  while  the 
grass,  or  common  frog  (R.  temporana), 
is  very  plentiful,  and  whose  black  eggs, 
surrounded  by  a  pale  white  gelatinous 
matter,  are  so  abundant  in  our  ditches 
and  ponds  in  early  spring.  The  slimy, 
footless,  long-tailed  young,  commonly 
called  poio-headsj  or  tad-poles,  undergo 
a  change  after  a  few  weeks.  Only  the 
femora  (hind  legs)  of  the  green  water- 
frogs  are  eaten.  Of  exotic  frogs  we 
notice  the  glossy  frog  (E.  micans),  the  50. 
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hvUfrog  (R.  mugiens),  and  the  horned-frog  (R.  corouta).  The  transitioa 
from  the  frogs  to  the  toads  is  formed  by  the  fire-frog  (Bombina),  and  the 
nurse-frog y  or  obstetric  toad  (B.  obstotricans),  which  carries  her  eggs  coiled 
around  her  legs.  The  toads  (fig.  50),  lay  their  eggs  in  long  strings,  and 
are  rather  terrestrial  than  aquatic  animals ;  they  are  plump,  sluggish,  noc- 
turnal creatures,  with  watery  tuberculated  skins,  and  in  appearance  and 
movement  afe  generally  considered  disagreeable  objects;  their  only  redeeming 
feature  is  their  beautiful  eye,  apparently  encased  in  gold.  Although  ugli- 
ness itself  be  personified  by  the  toad,  and  though  its  smell  be  rank  as  garlic^ 
it  is  not  poisonous — it  is  ugly,  but  not  "  venomous."     The  garlic-tmcUing 

toad  (Bufo  fuscus),  is  com- 
mon, and  the  reedy  or  erou 
toad{Q.  calamites),  the  former 
common  and  the  latter  rare  in 
England.  The  common  land 
toad  (B.  cinereus),  and  the 
giant  toad,  or  bullfrog  of  the 
61.  Anglo-American   (B.  gigas), 

are  found  on  the  Continent 
The  second  section  of  batrachian  reptiles  includes  the  salamanders  (Clan- 
data).     Some  of  these  lose  their  gills  after  their  metamorphosis  has  been 

completed,  as  the  salamander  (Sala- 
mandra),  spotted  with  yellow  and 
black,  and  erroneously  deemed  veno- 
mous ;  and  the  water  newt  (Triton, 
^g,  51),  which  his  a  dentate  crest 
along  its  back;  others  retain  thdr 
ffills,  or  a  breathing  aperture,  doinig 
their  whole  existence,  as  the  eel-sakh 
mander  (Amphiuma),  the  giUed 
62.  salam^andery  or  axoHod  (Siredon,  %%. 

52),  the  Proteu*  anguineus  and  the 
SirenCy  which  inhabit  subterranean  waters  in  cavernous  recesses  of  the  eagle 
mountains  in  the  Ukraine. 

The  last  section  comprehends  the  cmcilia,  so  called  because  its  eyes  tie 
below  the  skin.  It  is  without  feet,  similar  to  a  worm,  and  is  found  in  Ame- 
rica and  Java. 

The  Fourth  Class.    Pisces:  Fishes. 

128.  Fishes  are  exclusively  confined  to  the  water.  They  do  not  brea^e 
by  the  nose,  but  by  gilh,  which  are  membranous  folds  called  the  branchial 
arches,  situated  laterally  behind  the  head.  The  water  swallowed  in  breath- 
ing passes  the  branchial  apparatus,  and  the  atmosphere  contained  in  the 
water  by  this  means  is  brought  into  contact  with  the  blood-veasels ;  the  air 
thus  received  with  the  water  is  sufficient  to  support  respiration  in  the  fish, 
without  the  necessity  of  its  coming  to  the  surface  to  breathe. 

The  blood  is  red,  but  its  temperature  is  always  regulated  by  that  of  the 
water  in  which  the  fishes  live.  They  are  for  the  most  part  provided  with 
a  remarkable  organ  called  the  swimming  bladder,  filled  with  air.  This  oi;gas 
is  capable  of  being  compressed  or  extended  by  a  special  maade^  whereby 
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the  ezteroal  amplitude  of  the  fish  is  increased  or  diminished,  and  hy  this 
apparatus  the  fish  can  either  rise  or  sink  in  the  water.  The  muscles  of 
fishes  are  white,  and  not  separated  into  distinct  bundles  bj  the  skin,  hence 
thdr  movements  are  imperfect  when  compared  with  those  of  the  higher 


The  skekton  of  a  fish  is  not  perfectly  developed,  the  limbs  are  scarcely 
rudimentary,  and  their  place  is  supplied  by  fins.  The  nature  and  position 
of  these  organs  are  characteristic  of  the  various  subdivisions  of  the  class. 
The  fins  are  the  cervical  (neck),  the  pectoral,  the  dorsal,  the  ventral,  and 
the  caudal  (tail),  fins.  They  are  also  designated  as  cuticular,  radiate,  and 
spiny  fins ;  and  if  the  fish  be  one  of  a  higher  order,  the  number  and  posi- 
tion of  the  fins  correspond  to  the  limbs  of  the  more  highly-developed  ani- 
mals. 

The  skin  of  the  fish  is  cither  naked  or  provided  with  a  scaly  imbrication, 
arranged  as  tiles  on  a  roof,  viz.,  indurated  plates,  on  which  protuberances, 
lamina,  and  spines  are  frequently  present.  They  increase  by  ova  (spawn), 
which  are  found  in  enormously  large  numbers,  the  herring  having  40,000 
ova  in  its  roe,  and  the  stock-fish,  or  ling,  400,000.  The  male  fish  is  pro- 
vided with  an  organ  called  milt,  in  which  the  lacteous  food  is  secreted.  The 
utility  of  the  fish  is  very  great,  for  independently  of  the  delicious  food  which 
they  all  supply  with  scarcely  any  exception,  their  bones  or  gristle,  their 
scales,  their  skin,  their  swimming  bladder,  and  their  fat,  are  all  serviceable 
in  a  variety  of  ways. 

129.  Classification  op  Fishes- 


A.  CartilftginoiM  Fishefr— Ske- 
leton composed  of  Cartilage. 

B.  Osseous  Fishes — Skeleton  composed  of 
Bones. 

Pectoral  and  Ventral  Fins. 

Bones  of  Upper  Mandible. 

Pr«wnt. 

Absent 

Immoveable 
—United. 

Moreable. 

Qills  radiated. 

OiUs  Peotinifonn. 

1.  Ordet^  1  2.  Ordeiv- 
MandiblM  GUla  free, 
tmurene. 

8.  Order— 

Mandibles 

round. 

4.  Order— 
Qills  attached 

5.  Order- 
Gills  radiated. 

«.  Order- 
Soft  Fins. 

7.  Order- 
Spiny  FSns. 

FiBST  Order.  Plagiostomi  (the  Shark  Tribe), 
130.  Among  these  fishes  are  arranged  the  most  voracious  of  all  sea  mon- 
sters, the  shark$  (Squalus).  The  white  shark  (S.  carcharias),  and  the  giaiUr 
thark  (S.  maximns),  which  is  40  feet  long.  The  jaw  of  the  shark  is  armed 
with  rows  of  sharp-pointed,  strong,  and  fearful  teeth.  For  days  they  accom- 
pany or  lurk  near  ships  in  expectation  of  prey.  In  many  places  (for  exam- 
ple, in  the  valley  of  the  Rhine,  particularly  near  Alzei),  thousands  of  shark's 
teeth  are  found,  the  petrified  remains  of  an  ancient  world.  By  country 
people  these  organic  remains  are  erroneously  called  serpent's  tongues.  The 
reddish  and  spotted  dog-JUh  (S.  canicula),  is  only  2  feet  long.  The  saw-fish 
(S.  pristis),  is  characterised  by  a  very  long  serrated  snout,  a  formidable  wea- 
pon with  which  it  attacks  the  largest  fishes. 

The  hammer-headed  shark  (Zygaena  malleus),  is  distinguished  by  the 
fiingularity  of  its  shape.     The  tuberculated  skin  cf  the  shark  is  manufac- 
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tared  into  sbagreen,  and  abundance  of  oil  is  extracted  from  the  liver.  The 
fitmily  of  the  rays  (Raja),  is  distinguished  especially  by  their  broad  flat 
shape,  and  by  the  thorny  and  spinous  processes  with  which  many  of  them 
are  even  dangerously  armed. 

The  sJcate  (R.  batis)  is  found  in  the  North  Seas;  and  the  electric  rajf 
(Torpedo),  whose  electrifying  organ  consists  of  a  number  of  aellular  pro- 
cesseS;  exhibited  in  fig.  53. 


[Electrical  apparatus  of  the  Torpedo : — a,  brain ;  me,  spinal  chord ;  h  e,  eje  and 
optio  nerye ;  dy  electrical  organs ;  np^  pneumogastric  nerves,  proceeding  to  the 
electric  organ ;  nZ,  branch  f^om  the  preceding,  coYering  the  lateral  nerre ;  n,  spinal 
nerres ;  y,  gills.] 

Second  Order.    Eleutherobranchi  :  Sturgeons,  &«. 

131.  In  this  small  order  there  are  some  of  the  most  useful  fishes,  the 

sturgeon  for  example 
(Accipenscr  sturio,  fig. 
64),  and  the  ffreat  stur- 
geon (Ace.  huso),  both 
reckoned  delicioos  food; 
and,  in  addition,  the  xal* 
54.  nable    artiole    iaui^/oA 
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is  obtained  from  their  swimming-bladder,  and  caviare  from  tbeir  roe.  These 
&b  abound  in  the  Caspian  and  Black  Seas,  and  in  the  tidal  rivers  that  flow 
into  them.  The  capture  and  core  of  the  fish  are  actively  prosecuted  by  the 
Don  Cossacks.  They  are  occasionally  caught  in  the  Severn,  and  also  in  the 
Bhine  and  other  large  rivers. 

Third  Order.    Cyclostomi. 

132.  The  gills  of  these  very  imperfectly-developed  fishes  consist  of  a  series 
of  external  apertures ;  and  as  they  live  by  suction,  their  rounded  jaws  are 
well  adapted  for  this 
purpose.  The  lamprey 
(Petromyzon  marinus, 
fig.  55),  the  nine-eyed 
ed  (P.  fluviatilis),  which 
is  &r  from  uncommon,  55. 

and  is  often  caught  and 

pickled,  the  lampriUon,  or  lamproi/on  (P.  branchialis),  with  inconspicuous 
eyes,  and  the  blind  hag-fish  (Myxine),  belong  to  this  order. 

Fourth  Order.    Pectognathi. 

188.  We  find  in  this  order  singularly  formed  fishes,  some  spherical,  some 
cuneate  (wedge-like),  frequently  with  thorny  or  prickly  skins.  Some  of 
them  can  inflate  their  bodies,  and  then  appear  like  a  floating  globe ;  some 
can  utter  a  growling  sound.  They  are  found  only  in  the  tropical  seas.  The 
most  remarkable  are  the  hedge-hx/  fishy  or  spring  ghbefish  (Diodon),  the 
thorn-back  (Tetrodon),  the  swimming''headj  or  sunfish  (Orthagoriscus  mola), 
the  trunk-fishy  or  coffer  fish  (Ostracion),  armed  with  angular  plates,  and  the 
unicomfish  (Balistes  monoceros). 

Fifth  Order.    Lophobranohi. 

134.  Fishes  with  narrow,  toothless  jaws,  mostly  consisting  of  bone  and 
skin,  and  like  the  foregoing  family  more  distinguished  by  the  singularity  of 
their  form  than  for  any  known  utility.  As  examples,  we  notice  the  needle- 
Jishf  the  seorpony  fi^h  (Syngnathus  hippocampus),  the  sea-dragon,  pipe- 
fish,  &c. 

Sixth  Order.    MALAOOPTERian. 

135.  This,  the  largest  of  all  the  orders,  comprehends  the  most  important 
fiunilies  both  of  the  sea  and  fresh-water  fish,  and  in  the  capture,  curing,  and 
exportation  of  which,  thousands  of  men  are  constantly  employed ;  of  all 
these  the  salmon  TSalmo),  is  the  most  important  This  valuable  and  delicious 
iSsh  has  two  small  anterior  dorsal  fins,  the  posterior  are  without  rays.  Its 
jaws  are  large,  and  mostly  furnished  with  raking  teeth.  At  certain  seasons 
they  ascend  the  rivers  from  the  sea,  for  the  purpose  of  depositing  their  spawn. 
The  most  valuable  of  the  family  is  the  common  salmon  (Salmo  salar),  a 
native  of  the  North  Sea,  which  ascends  all  our  considerable  rivers,  and  forms 
the  most  important  branch  of  our  fisheries.  It  is  highly  esteemed  for  its 
rich  flavoured  red  flesh,  which  is  often  preserved  and  sold  by  the  name  of 
kippered  salmon.    The  fresk-water  trout,  or  graylins  (S.  lacustris),  inhabits 
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the  large  lakes  id  Switzerland ;  and  the  common  irotU  (S.  tratta)^  a  fine  ish 
beautifnllj  marked  with  red  spots,  lives  in  the  clear,  cool,  water  of  mountain 
streams ;  the  capdian  (Mallotus);  a  small  sea  fish  which  oongregates  in 
enormous  shoals,  and  is  the  principal  food  oif  the  cod  and  ling;  the  ihymaUtOj 
or  grayling  (S.  tb  jmallus),  and  the  lavareis,  or  gwyntads  (S.  lavaretus  and 
marssnula),  are  common  in  the  Lake  of  Constance,  and  are  there  caught, 
preserved,  and  exported. 

The  herring  tribe  is  also  very  important.  The  common  herrmg  (Clnpea 
harengus)  is  common  in  the  north  seas  ]  and  the  method  of  curing  them,  as 
the  process  of  preserving  is  called,  was  practised  by  the  Dutch  about  the 
beginning  of  the  fifteenth  century.  It  was  first  practised  by  Beukel  in  1397. 
The  estimated  annual  capture  is  1000  millions,  and  about  an  equal  number 
is  supposed  to  fall  a  prey  to  other  fishes.  To  this  section  of  the  order  also 
belong  the  anchovy  (C.  enchrasicholus),  and  the  pilchard^  which  abounds 
on  the  Cornish  coast ;  the  sardine  (C.  sardina),  and  the  shad  (C.  alosa), 
which  ascends  the  rivers  in  the  early  part  of  the  summer,  and  is  esteemed 
a  great  delicacy,  but  should  be  eaten  with  caution. 

The  pike-family  is  composed  of  little-known  fishes,  many  of  which  are 
inhabitants  of  the  sea.  Tbe  following  are  the  most  remarkable,  viz.,  the 
river-pike^  the  spear-pike^  the  hony-pikey  the  hom^pike^  and  many  others. 
The  common  river-pike  (Esox  lucius),  with  triangular  flattened  head  and 
black  spotted  fins,  is  in  general  estimation  as  an  excellent  fish.  It  is  very 
voracious,  long-lived,  attaining  the  length  of  from  4  feet  to  8  feet,  and  a 
weight  of  from  12  to  40  lbs.  Its  cranid  bones  are  so  singularly  formed  and 
arranged,  that  they  have  been  compared  to  the  cross.  The  flying  pika 
(Exoccetus  volans),  a  native  of  our  European  seas,  is  remarkable  for  its  veiy 
long  pectoral  fins,  and  hence  it  can  move  short  distances  in  the  air  above 
water. 

The  carp  (Cyprinus)  is  the  type  of  a  family  distinguished  by  large, 
deciduous  scales,  and  jaws  without  teeth ;  they  have  no  fins  on  the  opercula 
of  the  gills,  inhabit  muddy  ponds,  and  live  on  worms. 

We  find  the  hach  or  groundling  (Cobitis)  in  fresh  water,  also  the  bearded 
groundling;  the  carp  (Cyprinus),  of  which  there  are  numerous  species,  as 
the  gudgeon  (C.  gobio),  the  barbel  (C.  barbus),  the  tench  (C.  tinea),  also 
many  sorts  of  white  fish,  amongst  which  are  the  roach  (C.  rutilus),  the  bleak 
(C.  albumus),  fishes  only  three  or  four  inches  long,  whose  very  small  silvery 
scales  are  employed  in  the  fabrication  of  glass  pearls  (beads) ;  the  crucian 
carp  (C.  cerassius),  the  gold  fish  (C.  auratus),  imported  from  China,  and 
frequently  kept  in  vases  to  ornament  saloons,  drawing-rooms,  &c. }  the  com- 
mon carp  (C.  carpio),  one  of  the  best  and  commonest  of  our  fresh-water  fish. 

The  largest  of  our 
exclusively  fresh-wa- 
ter fish  is  the  ^H-fisk 
or  sly  silurus  (Silurus 
glanis),  the  head  of  a 
fi&mily,  of  which  we 
can  only  mention  the 
mcdaplerus  of  the  N  ile 
5Q,  (S.  efectricus,  fig.  56), 

and  the  amUd  shad. 
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The  fish  belonging  to  the  femily  of  cod,  ling,  &c.,  are  moetly  ojlindrio, 
either  naked  or  clothed  with  very  thin  scales ;  they  are  all  sea  fish,  and  are 
all  excellent  food.  The  family  of  gadus  are  the  first  in  point  of  excellence, 
among  which  are  the  eelpovt  (Or.  lota),  the  hake  or  ling  (Gt,  merlucius),  the 
haddock  (G-.  asglefinns),  and  the  cod  (G.  morrhua),  three  of  the  most  im- 
portant kinds  of  fish,  partly  eaten  fresh,  and  partly  preserved  as  provisions. 
When  salted  and  dried  they  form  an  important  article  of  export  and  import. 
From  the  liver  of  the  cod  an  oil  is  obtained  which  has  of  late  years  acquired 
a  high  reputation  as  a  preventive  of  pulmonary  diseases.  Soles  (Pleuro- 
nectes),  remarkable  for  their  flat  shape,  afibrd  very  delicate  food,  also  the 
turhot  (PI.  maxima,  fig.  57),  a  delicious  fish,  and  the  plaice  (PL  platessa, 
fig.  58). 


68. 


The  remora  or  sucking^Jish  (Echineis)  is  provided  mth.  a  peculiar  kind 
of  gristly  head-plate,  by  which  it  can  adhere  firmly  to  the  keels  of  ships 
or  other  objects. 

The  eel  family  is  distinguished  by  the  snaky  form  and  soaleless,  slimy, 
slippery  skin  of  all  the  species;  the  fins  are  small,  and  fewer  than  the  normal 
number.  The  beet  known  are 
the  river  €e?(Mur8Bna  anguilla), 
the  sea  eel  (M.  helena),  both 
excellent  table  fish ;  the  electric 
eel  of  South  America  (Gymnotus 
electricu.s,  fig.  59);  the  sand  eel 
which  is  found  in 


be  sands  on  the  shores  of  the 


le  fins  are  small,  and  fewer  than  the  normal 
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northern  and  eastern  seas,  used  by  fishermen  as  bait,  also  the  snake-fish,  the 
rihbandrfish,  &o. 

Seventh  Order.    AcANTHOPTERian. 

136.  This  order  is  second  only  to  the  last,  in  the  number  and  importance 
of  the  individuals  which  it  embraces,  and  they  are  all  distinguished  by  their 
spinous  fin-rays.  Among  the  most  remarkable  we  find  the  sea-wolf  or  tool/- 
fish  ( Anarrhichas  lupus),  a  voracious  animal  from  6  feet  to  7  fee t  long,  of  great 
utility  in  the  domestic  economy  of  the  Icelanders,  the  go  or  sea  groundling 
(G^bius),  common  in  the  lagoons  of  Venice ;  said  to  watch  its  spawn  with 
jealous  care.  The  most  remarkable  for  the  singularity  of  their  appearance 
are  the  spider-fish,  the  frightful  sea  devil  (Lophius),  the  sea-bat  and  frog- 
fish,  whilst  the  parrotfish  (Scarus),  and  the  ^rus  (Sparus),  are  distiu- 
oo 
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goished  by  the  splendour  of  their  colours  j  the  perck  (Perea  flaTiatiBB)  is 
on  the  ooDtrarj  a  fine  flavoured  river  fish,  characterised  by  red  breast-  belly- 
and  tail-finS;  and  with  black  transverse  bands  on  the  dark  green  back ;  the 
pike-perch  (Lucioperca),  the  stone-perch'  (Acerina  oemua),  are  river  fishes 
worth  mentioning. 

Amonc  the  epicures  of  ancient  Rome,  the  muHet  (Mullus  surmuletiu) 
was  highly  prised  both  for  its  colour  and  flavour,  and  often  purchased  tt 
enormous  sums,  500  florins  being  sometimes  paid  for  thb  luxury.  The 
Btargazer  (Uranosoopus)  is  so  named  from  the  position  of  its  eyes  being  on 
the  crown  of  its  head.  In  this  order  we  find  the  vulgar  ounosity,  the /2ytiii^- 
JUih  (Trigla  hirundo),  and  the  flying  gurnard  (Daotyloptera  volitans).  The 
Btichle-hack  (Oasterosteus)  devours  the  ova  or  spawn  of  fishes,  and  is  there- 
fore an  injurious  little  river  fish,  though  not  much  above  an  inch  long.  The 
mackerel  (Scomber)  is  an  important  fish,  caught  in  vast  i^oabon  the  channel 
coasts  of  England;  the  tunny  (Thynnus,  fig.  60)  is  the  largest  edible  sea- 
fish,  being  sometimes  15  feet  long.  It  migrates  from  the  Black  to  the 
Mediterranean  Sea,  and  forms  excellent  fishing  sport,  and  no  small  profit  to 
the  fishermen  of  Greece  and  the  Levant,    oome  searfish  of  this  order  are 
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formidable  on  account  of  the  enormous  length  of  their  sharp-pointed  upper 
jaw,  particularly  the  moordrfidh  (Xiphias,  fig.  61),  also  the  constant  associate 
of  thbe  $h(wkf  the  biue  boatswain  (Nauorates  ductor),  and  the  surge(» 
(Acanthurus),  armed  with  a  cutting  process  at  each  side. 

In  another  family  we  find  many  richly-coloured  fishes  of  the  tropical  seas, 
for  example,  the  horseman  (Ephippus),  beautifully  spotted  and  banded ;  the 
beaked  chelmon  (Chelmon  rostratus),  and  the  squirting-flsh  (Toxotes  jaes- 
later).  In  China  and  Japan  the  two  latter  mentioned  dislodge  insects  bm 
aquatic  plants  by  the  jets  of  water  they  are  able  to  throw  upon  them. 

In  the  East  Indies  is  found  the  climbing-fidt  (Anabas),  which  is  capaUe 
of  living  for  a  considerable  time  out  of  water,  and  with  the  assistance  of  its 
gills  and  spinous  fins,  can  even  climb  up  trees. 

The  kst  section  of  this  order  includes  the  great-headed  mvUet  (Bfngil 
cephalos),  found  in  rivers  that  flow  into  the  Mediterranean,  also  the  sntjpe- 
fish  (Centhriaeus  soolopax),  which  b  a  well-flavoured  fish. 

B.  INVERTEBRATA  (INVERTEBRATE  ANIMALS). 

137.  These  are  jusdy  said  to  occupy  a  lower  station  in  the  snimal  king- 
dom, inasmuch  as  they  are  only  furnished  with  such  organa^as  are  indispen- 
sable to  the  most  important  functions  of  their  economy,  and  even  these 
organs  frequently  appear  so  imperfect,  rudimentary,  or  altogether  ao  partiallj 
developed,  that  for  a  long  time  doubts  were  aeriously  entertained  cf  their 
right  to  a  place  in  the  animal  kingdom,  at  alL 


INVERTBBBATB  ANIMALS.  .595 

The  intestiiiftl  canal  or  stomaeb,  the  alimentary  organ,  appears  at  first 
sight  to  be  the  most  indispensable ;  and  in  fact  the  very  lowest  animals  are 
nothing  else  bnt  a  series  of  canals  or  cavities  permeating  the  body,  and  pos- 
sesdng  the  power  of  supplying  it  with  aliment:  the  whole  animal  is  a 
stomach;  but  gradually  ascending  hieher  in  the  scale  we  perceive,  in  addi- 
tion to  the  alimentary  canal,  which  m  the  higher  classes  forms  a  distinct 
organ,  a  series  of  vessels  filled  with  uncoloured  sanguineus  fluids,  and  pro- 
vided with  nervous  knots,  ganglia,  or  centres  of  nerves.  All  the  organs 
which  we  attribute  to  man  as  organs  of  vitality,  are  more  or  less  developed 
in  the  higher  orders  of  the  invertebrata;  and  hence  they  might  be  called 
animals  provided  with  an  alimentary  apparatus. 

On  the  other  hand  the  osseous,  muscular,  and  nervous  systems  which  dis- 
tinguish the  higher  classes,  and  which  impart  to  them  the  variety  of  shape, 
beauty,  motion,  and  intelligence,  are  never  conjointly  present  in  the  lower 
orders  of  the  animal  creation.  Even  the  faculty  of  sensation,  whereby  the 
animal  is  vitally  connected  with  the  external  world,  for  without  sensation  it 
would  appear  rather  to  belong  to  the  vegetable  than  to  the  animal  kingdom, 
appears  to  be  very  imperfect  or  altogether  deficient. 

138.  The  white  mass  of  viscera  which  mostly  compose  the  bodies  of 
invertebrate  animals,  is  well  protected  against  external  injuries ;  the  visceral 
organs  are  in  some  cases  enclosed  in  tough,  gristly,  or  homy  envelopes,  some 
being  covered  with  a  calcareous  shell  which  is  formed  of  a  secretion  pro- 
duced from  themselves.  The  soft  condition  of  their  bodies  indicates  the 
watery  abode,  or  the  aquatic  economy  of  many  of  these  creatures. 

One  obvious  mark  characterising  this  whole  group  is  their  general  com- 
parative smallness  of  size.  By  fieur  the  greater  portion  is  visible  only  by  the 
aided  eye.  The  giant  mussel  and  the  cuttle-fish  are  the  only  individuals 
that  excite  attention,  on  account  of  their  magnitude. 

But  if  these  animals  be  inferior  to  the  higher  orders  in  size  and  develop- 
ment, they  are  very  superior  in  the  astonishing  multiplicity  of  genera  and 
species,  and  in  the  enormous  number  of  individuals  contained  in  each  spe- 
cies. Here  Nature  appears  to  us  infinite  in  resources,  ever  showing  by  new 
instances  and  examples  with  what  ease  the  same  object  can  be  efiected  by  an 
organisation  infinitely  diversified  in  form  and  mode  of  application. 

139.  The  individual  animals  of  this  group  appear  very  unimportant  in 
their  relations  to  the  human  race.  A  cow  or  a  sheep,  a  horse  or  a  dog,  even 
a  hen  or  a  fiilcon,  might  not  only  be  the  support  of  a  man,  but  even  of  a 
whole  family. 

The  invertebrata  are  important  only  by  the  numbers  in  which  they  appear, 
and  in  their  immediate  neighbourhood  they  are  generally  rather  injurious 
than  profitable.  Millions  of  these  creatures  are  constantly  threatening  our 
mnaries,  our  wardrobes,  our  habitations,  even  our  own  bodies,  with  either 
destruction  or  injury,  and  many  of  our  usages  and  vital  duties  are  nothing 
else  but  an  unconscious  yet  ceaseless  conflict  with  the  invisible  myriads  con- 
stantly making  inroads  on  our  property,  or  attacks  on  ourselves. 

Most  men  would  probably  be  very  well  satisfied  to  renounce  oysters,  honey, 
silk,  wax,  and.  shell-lac,  all  very  important  productions  of  the  lower  tribes 
of  animals,  if  they  at  Uiis  cost  could  purchase  exemption  from  the  ravages 
of  the  locust,  the  caterpillar,  the  moth,  the  grub,  the  maggot,  the  gnat,  the 
mosquito,  and  the  myriads  of  other  vermin  that  prey  upon  man  in  one  way 
or  another. 
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On  the  whole,  however,  the  destruction  of  the  lower  animals  woold  occa- 
sion a  gap  in  the  creation,  and  be  the  cause  of  the  entire  loss  of  whole 
tribes  of  higher  creatures.  The  lives  of  millions  depend  on  the  presence 
of  these  apparently  insignificant  creatures ;  no  individual  link  of  the  chain 
of  organic  life  can  be  abstracted  without  endangering  the  safety  of  the 
whole. 

The  utility  of  even  microscopic  animals  of  these  classes  will  be  noticed 
when  we  come  to  the  treatment  of  the  genera  and  species  themselves. 

Instead  of  four  classes,  under  which  we  arranged  all  the  vertebrate  am- 
snals,  we  divide  the  invertebrata  into  nine  classes,  viz.,  the  Crustacea,  tbe 
Inseota,  Arachnida,  Annulata,  Mollusca,  Badiata,  Intestina,  Entozoa,  Zoo- 
phyta,  and  Infusoria.  We  hereby  omit  one  class,  which  under  the  name 
Foraminiferay  is  placed  between  Entozoa  and  Zoophyta.  It  comprehends 
a  multitude  of  small  shelled  marine  animals,  scarcely  so  large  as  a  grain  cH 
sand^  but  their  natural  history  has  not  yet  been  satisfactorily  investigated. 

Fifth  Class.    Crustacea. 

140.  The  external  covering  of  these  animals  is  either  a  homy  envelope 
or  a  crustaceous  integument  consisting  partly  of  carbonate  of  lime,  whenee 
the  name  of  the  class  has  been  derived.  The  head  and  trunk  are  united  in 
one  piece,  and  protected  by  a  shell ;  both  are  distinct  from  the  abdomen, 
which  is  separated  by  an  indentation  or  notch,  and  has  usually  the  appear- 
ance of  a  tail.  They  breathe  through  a  fringe-like  process,  or  through  pul- 
monary tubes,  and  possess  in  a  high  degree  the  power  of  redevelopmg  an 
accidentally  lost  limb. 

We  place  the  crab  at  the  head  of  the  numerous  subdivisions  of  thb  cho^ 
because  it  is  superior  to  the  remaining  orders  not  only  in  size  bat  in  utilitj, 
for  it  supplies  a  rich,  nutritious,  and  fine-flavoured  food.  The  following  are 
among  the  most  remarkable  of  the  sea-crabS;  viz.,  the  zguilU  (Squilla),  the 


[Pbawh:  «u,  anteniuD  of  the  first  pair;  oi,  anteonsB  of  the  second  p^r;  I 
laminar  appendage  coyering  its  base ;  r,  rostmm  or  ft*ontal  prolongation  of  the  cara- 
pace ;  y,  eyes ;  p  m,  external  foot-jaw ;  p^^  first  thoracic  member ;  p'\  second  tho- 
racic member ;  //?,  false  legs,  or  swimming  members  of  the  abdomen;  n,  tafl-fia.] 
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pratoM  (Pal«moD,  fig.  62)^  the  shrtmpB  (Crangon),  hbster  (Astacns  man* 
Dns),  which  is  sometimos  foand  two  feet  long;  the  giant-lobster  (Palinurus), 
the  hermU^rab  or  Bernhard't  crab  (Pagurus),  which;  having  no  shell  on 
its  posterior  parts,  places  them  for  protection  in  an  empty  snail-shell.  In 
freah  water  we  find  only  the  river-crab  or  cray-fith  (Astacns  fluviatilis),  of 
a  hrown  colour,  but  which,  when  boiled,  assumes  a  lively  red.  This  crab 
easts  its  shell  from  time  to  time,  and  forms  a  new  ono. 

The  acaudate  en*  tailless  crustaceans  compose  a  special  section  of  this  family, 
and  are  named  proper  crabs.  Like  most  individuals  of  the  class,  they  easily 
lose  their  claws,  which  are  as  easily  restored.  There  are  many  sorts  of 
these,  as  the  common  sea-crab  (Portunus),  the  spider-crab,  the  mnssel-crab 
(Pinnotherus),  the  river-crab  (Telphusa),  the  landrcrah  (QtJcarcinus),  which 
is  very  common  in  Jamaica,  where  they  are  often  seen  in  immense  multi- 
tudes, traversing  the  island  to  the  shore,  where  they  lay  their  eggs, 'and 
return  to  the  mountains  accompanied  by  their  young  \  there  are  zuso  the 
mud-crab  and  the  dog-crab,  the  latter  of  which  frequently  lives  on  the  land, 
and  is  said  sometimes  to  climb  trees. 

The  wood-louse  tribe  forms  a  remarkable  section  of  the  crustacean  class. 
These  never  have  claws  on  their  feet,  and  hence  their  name,  Isopods ;  they 
mostly  live  in  water,  as  troublesome  parasites  on  fish ;  some  of  them  live  in 
moist,  or  in  dark  solitary  places.  The  following  are  the  most  remarkable 
of  these — the  whale-huse  (Cyamus),  the  gpectre-lotise  (Caprella),  the  bran- 
chipus  (Branchipus),  the  water-flea  (Qummarus),  the  sea-flea  (Talitrus), 
the  barnacle  (Cymothoa  asilus),  a  great  tormentor  of  fish. 

Better  known  than  the  above-mentioned  are  the  following,  viz.,  the  cellar 
icoodlouse  (Oniscus  asellus);  the  armed  glomeris  (0.  armadillus),  which 
rolls  itself  up  till  it  is  like  a  pea ;  the  milliped  (Julus),  of  which  there  are 
several  species,  with  from  forty  to  ninety  articulated  rings,  and  an  equal 
number  of  feet ;  the  centipedes  (Scolopendra)  are  similar,  but  broader,  one 
of  which,  viz.,  the  yellow,  is  luminous  in  the  dark. 

The  parasitic  crabs  (Parasita)  compose  a  larger  section.  Many  of  these 
crustaceans  are  as  minute  as  infusorial  animalcules,  and  move  rapidly,  like 
these,  in  the  water,  as  the  one-eye  (Monoculus),  the  cypris  (Cypris),  and 
many  others.  Some  of  these  are  not  above  a  line  long,  and  prey  on  differ- 
ent sorts  of  fish,  of  which  almost  every  one  has  a  peculiar  parasite ;  for 
example,  the  iturgeon-louse,  the  tunny-loibse  (Cecrops),  the  carp-loiise  (Ar- 
gulus),  &c.  Of  a  similar  form  is  the  Mohuxa  crab,  Hmolm  or  king-crah 
(Xiphosura),  which  is  one  foot  long,  with  spinous  caudal  processes,  from  five 
to  seven  inches  in  length,  with  which  the  savage  Indians  point  their  arrows. 

A  family  of  marine  animals  (Cirripeda),  which  were  formerly  classed 
among  the  mollusca,  has  been  transferred  to  the  crustacean  class.  The  most 
of  these  animals  are  formed  of  a  series  of  articulated,  segmentary,  calcareous 
rings,  which  constitute  their  testaceous  habitation;  and  they  fix  themselves 
to  rooks,  posts,  and  even  to  other  marine  animals,  as  mollusca,  &c.  Among 
these  are  to  be  noticed  the  lepas  (Lepas),  the  balanus,  or  acorn-shell  (Bala- 
nus),  called  also  the  sea-tulip,  many  sorts  of  which  are  attached  to  tangle 
(fuci)y  crabs^  &c.     Several  acUiere  to  the  skin  of  the  oetaoea. 
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Sixth  Class.    Insectta  (Insects). 

141.  The  insect  world,  which  we  are  next  to  describe,  animatefl  and  em- 
bellishes every  part  of  Nature's  dominions,  for,  with  the  exception  of  frigid 
rocks,  the  entire  surface  of  the  earth,  the  water,  and  the  atmosphere,  afibid 
them  a  habitation  in  some  one  or  other  of  their  wondrous  aspects  and  trans- 
formations. Whilst  the  larvae  conceal  themselves  in  the  soil,  or  move  aboat 
in  the  water,  or  eat  into  the  substance  of  trees,  the  complete  insect  in  ooant- 
less  myriads  swarms  in  the  atmosphere,  or  flits  from  one  object  to  another 
with  unceasing  and  tireless  vivacity. 

In  order  to  observe  the  activities  and  economy  of  this  worid  of  minute 
beings,  let  the  spectator  seat  himself  on  the  green  turf  oi  the  river's  brink 
in  a  warm  summer  afternoon,  where  he  will  find  himself  in  the  centre  of  i 
stage;  surrounded  by  numerous  agents  or  actors,  who  represent  the  utmost 
diversity  of  character,  and  exhibit  a  wondrous  multiplicity  of  external  ap- 
pearances. The  little,  plain,  industrious  ant,  is  evidently  engaged  in  some 
engrossing  labour ;  the  brilliant  butterfly,  apparently  without  aim  or  obje(^ 
is  incessantly  flitting  frt)m  one  flower  to  another,  but  notwithstanding  dieir 
apparently  aimless  and  objectless  motions,  all  of  them  are  equally  intent  upon 
the  serious  business  of  life.  There  booms  and  buzzes  the  chaffer,  here  the 
bee  is  collecting  and  laying  up  a  store  for  future  wants ;  the  caterpillar  is 
feeding  on  the  green  leaf;  the  flies  and  gnats  are  swarming  in  the  atmo- 
sphere, acquiring  an  appetite  for  their  evening  meal. 


Antennn  - 
Eyes    -    - 


Ist  pair  of  legs   -  -"*— 


Ist  pair  of  wings — 
2Dd  pair  of  legs  - 


2nd  pair  of  wings  "--»— ^ 
8rd  pair  of  legs 


Tibia    -    - 


Tarsus- 


Head. 


Thorax. 


Abdomen. 


.  Anatomy  of  the  external  skeleton  of  an  insect 


The  chief  character  of  insects  consists  in  the  threefold  division  of  their 
bodies,  which  altogether  are  constructed  of  ten  jointed  rings,  or  i 
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of  which  ihree  form  the  thoraz;  or  trank ;  and  at  each  joint  of  these  three 
rings  there  is  a  pair  of  legs ;  conseqnenUy  an  insect  is  provided  with  six 
feet  or  external  limhs  (fig.  63).  Along  the  hody  there  is  a  series  of  air- 
conducting  tabe0  (traeheie>,  which  ramify  through  the  insect,  and  permeate 
it  in  every  direotbn.  Besides  the  vital  respiratory,  circulatory,  and  alimen- 
tary organs,  the  perfectly-developed  insect  has  the  organ  of  sight  constructed 
wi&  the  greatest  complexity.  This  highly-curious  apparatus  is  an  agglom- 
eration of  an  immense  number  of  facets,  which  correspond  with  the  nervous 
filaments  that  convey  sensation  to  the  brain ;  and  although  the  organs  of 
smell,  hearing,  and  taste  be  not  externally  developed,  yet  these  animals  are 
notwithstanding  capable  in  a  high  degree  of  exercising  even  these  faculties 
in  a  manner  correspondent  to  their  necessities  and  general  economy. 

The  wings  of  insects  are  placed  on  the  two  posterior  segments  of  the 
thorax.  In  several  kinds  of  insects  these  organs  are  not  present.  The 
alimentary  apparatus  is  developed  with  wonderful  ingenuity ;  the  antennae 
(feelers),  the  proboscis,  and  the  threefold  jointed  leg,  terminating  in  a  series 
of  smaller  segments  (tarsi),  are  objects  of  great  complexity  and  curiosity. 

But  perhaps  the  most  remarkable  phenomena  presented  by  the  insect 
cfaisa  are  the  series  of  changes  or  transformations  which  they  undergo  before 
arriving  at  their  perfect  or  fully-developed  condition*  This  is  named  the 
meiamorphosis  of  insects.  From  the  egg  slips  out  a  small  maggot,  or  cater- 
pillar, very  edacious  and  of  quick  growth, which  after  a  certain  period  sloughs 
or  caste  its  skin,  and  enters  into  me  pupa  stcUCj  in  which  it  is  enclosed  in  a 
firm,  homy,  or  hard,  dense  substance,  in  which  condition  it  exists  during 


66.  Imago. 

another  period,  without  nourishment  and  without  movement.  Finally,  it 
casts  off  its  tegumentary  incumbrance,  and  flies  away  as  a  perfectly-developed 
insect.  The  last  stage  of  insect  metamorphosis  is  called  the  imagoj  or 
perfect  state  of  its  existence  (see  figs.  64,  65,  and  66). 
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142.  Tabular  View  of  the  Orders  op  Insects. 
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ber? 

4.  Sphinges. 

3.  Ditto  of  4 

joints. 

4.  Ditto  of  8 

Joints 

First  Order.     Coleoptera  (the  Beetle  Tribe'). 

148.  The  animals  comprehended  in  this  order  of  the  insect  class  are  dis- 
tinguished by  an  indarated  integument,  and  by  the  homy  anterior  pair  of 
wings,  which  form  a  case  (elytra)  for  the  posterior  pair,  when  the  insect  is 
not  flying.  The  members  and  head,  especially  the  mouth,  are  highly 
developed.  Like  the  papilionaceous  order,  they  pass  through  all  the  insect 
transformations,  and,  like  them,  are  found  of  the  largest  size,  and  of  the 
most  beautiful  colours,  in  warm  climates.  In  India  and  Braiil  only  do  we 
meet  with  the  very  large  and  splendid  species  of  coleopterous  insects.  The 
larva,  and  sometimes  even  the  beetles  themselves,  are  herbivorous;  the  latter 
generally  feed  on  animal  substances,  to  which  they  are  very  destructive. 

The  subdivision  of  this  order  depends  on  the  number  of  their  toes  or 
tarsal  joints,  as  follow : — 

(1.)  Pentamera,  with  five  joints  in  all  the  tarsi. 

(2.)  Heteromeri,  with  five  joints  in  the  four  anterior  taru^  and  one 
joint  less  in  the  two  hind  tarsi. 

(3.)  Tetramera,  with  four  joints  to  all  the  tarsi. 

(4.)  Trimera,  with  three  joints  to  all  the  tarsi. 
They  may  also  be  distinguished  from  each  other  by  their  m<Hre  obvious 
characters  of  external  form  and  modes  of  existence.  The  most  important 
are  the  common  beetles  (Carabus),  predaceous  insects,  constantly  in  motioo; 
the  ffold-gmithy  or  gardener  beetle  (C.  auratus);  the  st/cophant  (Calosooia); 
the  sand'ffparider  (Cicindela) ;  the  bombardier  beetle  and  the  water  beeties^ 
of  which  the  large  water  beetle  (Hydrophilus  piceus)  attaches  itself  to  fsfa, 
and  lives  upon  them  by  suction  ]  the  short-vnnged  beetle  (Staphilinas) ;  the 
leaping  beetle  (Elater),  which  can  spring  up  though  laid  on  its  back ;  the 
green  chafer  (Buprestis) ;  the  boring  beetle,  whose  larva  bores  into  troeSy 
and  does  considerable  damage ;  the  carrion  beetles,  among  which  are  the 
gravedigger  (Necrophoras),  the  bacon-maggot  or  jumper  (Dermestes),  and 
the  destructive  museum  beetle  (Anthrenus  museonim) ;  the  dnug  beetles^ 
among  which  are  the  common  dung  beetle  (Scarabseus) ;  tbo  pWrcka/er 
(Birrhus) ;  the  turnip-fiy,  or  sicip-jack  (Nitidula),  which  are  iojunoos  to 
the  young  leaf  of  the  turnip ;  the  blossom-  and  Uaf-cliaferSj  as  the  grtean 
shining  rose-chafer  (Cetonia) ;  the  stag-beetle  (Lucanus  cervus),  the  Ma^ 
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tiiafer  (Melolootha),  the  larvso  or  grabs  of  whidi  are  yery  destractive  to  the 
roots  of  wheat,  vegetables,  &c. 

All  the  above-named  beetles  belong  to  the  FerUamerous  order. 

Among  the  Heteromeray  which  does  not  comprehend  a  numerons  assem- 
bbige,  we  find  the  May-xoorm  (Meloe),  the  brimstone- 
cJiafer  (Cistela),  and  the  most  usefal  of  all  the  chafers, 
viz.,  the  Spanish  fiy  (Lytta  vesicatoria,  fig.  67),  which 
is  so  extensively  employed  in  blistering-plaisters,  and 
18  highly  poisonous;  it  is  found  only  on  the  ash,  vibur- 
num, and  elder,  and  is  easily  discovered  by  its  strong 
smell. 

Among  the  Tttramerous  beetles  we  find  the  toeevils 
and  long-snouts  (Curculia  and  Rhynchssnus);  the  vine 
and  beech  beetles  (R.  Bacchus  and  betuleti),  both  of 
which  are  injurious;  also  the  corn-borer  (Calandra 
granaria),  the  pine-borer  (Cerambix),  the  carpenter 
beetle  (Lamia  aedilis),  the  bark  beetle  (Bostrichus 
typographicus),  the  larva  of  which  lives  under  the  bark,  and  does  immense 
mischief  in  the  pine  woods :  the  leaf-fretters  (Chrysomelina)  are  round  and 
beautifully-coloured  beetles,  with  a  strong  lustre. 

Only  a  few  individuals  belong  to  the  TAmerov&  section,  of  which  the 
well-known  lady-bird  (Coccionella  septempunctata)  is  an  example. 

Second  Order.    Hemiptera. 

144.  The  insects  of  this  order  are  characterised  by  a  rigid  tubular  suctorial 
organ,  serving  both  as  a  piercer  and  sucking  instrument,  which  they  use  in 
extracting  the  juices  of  plants  and  animals,  on  which  they  live.  To  this 
order  belong  the  cochineal  or  scale-insects  (Coccus),  and  from  the  species  C. 
cacti,  which  feeds  on  the  fig-cactus,  the  beautiful  colour  carmine  is  obtained, 
which  is  the  basis  of  scarlet ;  the  lac  scale-insect  (C.  lacca),  which  pierces 
the  bark  of  the  Indian  fig-tree,  from  which  there  flows  sap,  which  on  expo- 
sure is  hardened  into  the  substance  called  shell-lac ;  the  numerous  sorts  of 
aphides,  or  plantrlice,  vermin  preying  on  rose-trees  and  other  shrubs  and 
plants.  The  exuviae  of  these  little  creatures  form  a  whitish  matter,  spread 
over  the  leaves ;  their  punctures  in  warm  weather  occasion  the  flowing  of 
sap,  which  being  condensed  on  the  outer  rind,  or  cuticle,  becomes  what  is 
called  honey-dew.  Some  genera  of  this  order  are  able  to  produce  sounds  by 
the  sonorous  vibration  of  their  wings  or  legs :  the  grasshopper  and  common 
cricket  are  examples.  The  semi-globular,  frothy,  saliva-like  masses  fre- 
quently observed  on  willow  leaves  are  produced  by  the  puncture  of  one  of 
the  cicadas,  and  the  little  animal  is  generally  found  in  the  centre.  The 
lantern-bearer  (Fulgora),  a  native  of  China  and  America,  is  said  to  have  a 
powerfully-luminous  head,  but  this  has  been  contradicted  by  modern  observ- 
ers. The  headrhuse  (Pediculus  capitis),  and  the  common  bed-bxig  (Cimex), 
are  without  wings ;  these  disgusting,  troublesome  pests,  can,  however,  be 
dislodged  by  energetic  and  persevering  habits  of  cleanliness.  The  bvgs  with 
which  plants  and  fruit  are  infested  have  coriaceous  anterior,  and  membra- 
nous posterior  wings,  are  very  similar  to  beetles,  and  have  the  peculiar 
disagreeable  odour  of  the  house-bug.  The  water^gs,  which  move  by  jerks 
or  starts^  and  frequently  describe  various  kinds  of  curves  on  the  surface  of 
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still  water,  and  the  KCfpion^bugs  (Nepa),  so  called  from  the  sdssor-like 
articulations  of  their  anterior  legs,  and  their  sharplj-pointed  tails,  belong  to 
this  snb-tribe. 

Thibb  Order.    Orthoptera. 

145.  In  thb  order  the  anterior  pair  of  wings  is  membranous,  and  the  pos- 
terior pair  is  disposed  longitndinallj,  like  a  fan.  They  exist  only  in  two 
states,  and  the  only  difference  between  the  insect  when  it  first  emerges  from 
the  egg  and  when  it  attains  to  its  complete  or  imago  state^  is  that  it  is  winged 
in  the  latter  but  not  in  the  former.  To  this  order  belong  the  locuttt  (Lo- 
custa),  of  which  there  are  several  kinds;  among  many  others  we  notice  the 
large  green  locust  (L.  viridissima),  and  the  migratory  locusts  (Aeridiom 
migratorium),  which  pass  from  Asia  into  Europe  in  enormous  swarms,  and 
eat  up  every  green  thin^ ;  the  domestic  cricket  (Gryllus)  is  another  kind, 
which  ft^uents  the  fields,  and  sometimes  inhabits  our  dwellings,  and  is  well 
known  by  its  peculiar  chirruping  sound,  which  is  produced  by  the  vibratofj 
movement  of  its  wings.  The  prcdaceous  mantis,  the  earwig,  cockroach, 
and  several  other  similar  genera,  the  females  of  which  are  windless  abound 
in  kitchens,  bakehouses,  &c.,  where  they  generally  prey  by  night 

Fourth  Order.  Neuroptera. 

146.  These  insects  are  known  by  their  four  large  gauze-like  reticulated 
wings  and  great  eyes.  They  do  not  generally  exist  in  the  pupa  state,  but 
pass  from  one  state  to  another  by  sloughing  or  changing  their  tegumentary 
envelope.  Their  larvas  are  often  found  furnished  with  feet,  aula  not  less 
lively  and  energetic  than  the  perfect  insect. 

The  most  remarkable  are  the  following,  viz.,  the  plant-louse  lionj  whose 
larvae  destroy  multitudes  of  plant-lice ;  the  ant-lion,  which  devours  the  anta 
(§  150),  which  it  catches  in  its  lurking-place,  a  funnel-shaped  hole  made  in 
the  sand;  the  termites,  or  white  ants,  which  are  abundant  in  India,  Africa, 
and  South  America.  Their  grubs  and  larv»  are  without  wings,  and  form, 
or  rather  erect,  edifices  six  feet  high.  In  their  perfect  state,  both  males  and 
females  are  winged.  These  animals  are  well  known  and  feared  as  the 
ravagers  and  destroyers  of  everything  that  lies  in  the  direct  course  of  their 
predutory  expeditions.  The  larvss  of  the  dragon  and  Mayflies  (Ephemera) 
exist  for  years  in  the  water,  or  in  empty  seed-vessels,  or  in  hollows  of  wood, 
&c.,  and  the  developed  insect  lives  only  for  two  days,  and  many  die  at  the 
end  of  the  first  day.  In  warm  days  of  summer  they  appear  in  large  swarms, 
and  again  suddenly  disappear.  The  best  known  of  the  order  is  the  watGr- 
lady,  or  dragon-fly  (Lebellula),  which  skims  about  over  rivers,  ponds,  &c., 
and  is  distinguished  oy  its  beautiful  steel*blue,  green,  and  golden  hues. 

Fifth  Order.    Lbpidopterx. 

147.  The  butterflies,  as  they  are  generally  termed,  have  four,  mostly  large^ 
wings,  which  are  covered  with  minute  scales,  which  can  be  wiped  ofif  iSce 
dust.  Their  larvsd  are  called  caterpillars,  and  have  never  more  than  eight 
pairs  of  legs,  and  generally  prepare  a  cocoon  as  a  receptacle  for  their  yoong, 
which  is  called  a  chrysalis. 
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Tabttlar  View  of  the  Lbpidoptera. 
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lOrdnr. 
Blatt»— Motha. 

2  Order. 
PhalaoiuB. 

8  Order. 
GrepnKular  (Erening) 
Lepidoptera.    Sphyngca. 

4  Older. 

Diurnal  Lepidopton. 

Papllionea. 

1.  Tinea. 

2.  Tortrix. 
8.  Alucita. 

1.  Geometra. 

2.  Noctua. 
8.  Bombyx. 

1.  Zygana. 

2.  Sesia. 
8.  Sphynx. 

1.  Hesperia. 

2.  Tachyptera. 
8.  Aeronauts. 

Many  lepidopteroos  inseots  are  remarkable  on  acoonnt  of  their  destructive 
habits.  For  example,  their  hirvaa  destroy  hair,  feathers,  and  furs;  the  cloth- 
moth  (Tinea  Barcitella),  and  iYx^far-modh  (T.  pellionella),  deposit  their  ova 
in  woollen  stuffs  and  in  furs ;  and  the  corn-moth  (T.  granella)  is  often  a  pest 
in  granaries.  The  ring-moth  (Bombyx  nuestria),  the  golden-tailed  moth 
(B.  ohrysorhoea),  the  apricot-moth  (B.  antiqua),  and  the  damson-plum  moth 
(B.  gognostigma),  whose  females  are  without  wings,  are  all  more  or  less  in- 
jurious to  the  fruit-trees.  The  pine-tree  moth  (Noctua  piniperda),  the^r- 
moth  (B.  monaoha),  the  pine-moth  (B.  pini  and  B.  processionea),  are  reck- 
oned injurious  in  &r  and  pine  plantations.  The  caterpillars  of  the  various 
sorts  of  white  and  yellow  butterflies  are  destructive  to  coleworts  and  other 
culinary  vegetables;  of  these,  the  cabbage-butterjly  (Tachyptera  brasdca), 
and  the  cahbage-owl  (Noctua  brassica),  are  the  most  common. 

It  is  difficult  to  make 
a  selection  of  those  most 
distinguished  for  beauty 
of  colour;  yet  the  follow- 
ing may  be  mentioned, 
viz.,  the  red  under-wing 
moth  (N.  sponsa),  the 
Hue  ash-moth  (N.  frax- 
ini),  the  brown  bear  (B. 
caja),  the  nocturnal  pea^ 
cock's-eye  (B.  pavonia, 
fig.  68),  the  evening  pea- 
cock^s-ei/e  (Sphinx  ocel- 
lata),  the  spurge  spht/nx 

(S.  euphorbii),  the  privet  gg^ 

moth  (S.  convolvuli),  the 

death-head  moth  (S,  atropos),  the  ApoUo,  the  swallow-tailed  moth  (A6ro- 
nauta  machaon),  tne  scarce  swallow-tail  (A.  podaliria),  the  white-bordered 


69.  Silk-worm  Moth. 


70.  ChryBalis  of  the  Silk-worm. 
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mantle  (Antiopa),  the  dtumal  peacock' 8-^e  (T.  lo),  the  admiraJ  (T.  ata- 
laDta),  the  piirple  emperor  (T.  iris),  &c. 

The  largest  of  the  whole  order,  viz.,  the  great  Atlas  moth  (B.  AUas),  is 
more  than  two  hands  in  size ;  a  native  of  China  and  Java. 

148.  The  most  useful  insect  of  all  the  lepidoptera  is  the  si^vtrorwi,  which 
amply  indemnifies  mankind  for  the  ravages  occasioned  bj  many  members  of 
this  family.     This  is  the  famous  tilh-tpinner  or  mvlherry-moth  (Bombyx 

mori,  figs.  69,  70,  and  71). 
This  insect  was  first  imported 
from  China  by  the  emperor 
Justinian;  it  was  subse- 
quently reared  in  Sicily,  and 
from  that  island  was  intro- 
duced into  Italy,  about  the 
year  1130.  In  France,  the 
culture  of  silk-worms  was 
first  attempted  in  1470,  and 
silk  was  a  flourishing  mana- 
^ture  under  Henry  the 
Fourth,  in  1600.  Repeated 
attempts  have  been  made  to 
introduce  the  silk-worm  into 
England,  and  not  altogether 
without  success.  The  toul 
value  of  raw  silk  produced  in  France  is  estimated  at  about  twenty  millioofl 
of  francs.  The  silk-worm,  or  rather  caterpillar,  feeds  on  mulberry-leaves, 
and  when  arrived  at  maturity  spins  a  thread  about  900  feet  long,  woand 
round  itself,  and  forming  what  is  called  a  cocoon ;  and  from  200  to  400  of 
these  make  a  pound.  From  eight  to  twelve  of  such  cocoon  threads  are  spun 
together  to  produce  a  silken  thread  of  the  thickness  of  a  hair,  and  there  are 
probably  about  ten  pounds  of  cocoons  in  one  pound  of  spun  silk. 

Sixth  Oedeb.    Hymbnoptera. 

149.  Hymenopterous  insects  are  distinguished  by  four  slighdy-nerved 
wings.  The  ichneumon  is  provided  with  an  ovipositor^  with  which  it  piereet 
holes  in  insects,  in  which  its  eggs  are  deposited,  and  whereby  multitudes  of 
the  insect  tribe  are  destroyed.  Others,  in  a  similar  manner,  pierce  holes  is 
plants,  as  the  gall-insect  cynips  (Cynips  quercus),  by  the  puncture  of  which 
the  gall-nut  of  commerce  is  produced.  This  article  is  well  known  as  the 
basis  of  ink  and  black  dyes. 

The  proper  wa$ps  (VespseJ  live  in  large  communities,  in  dwellings  more 
or  less  artificially  constructed,  in  which  they  lay  up  provision  for  their  young. 
They  eat  animal  substances,  such  as  insects,  &c.  The  most  remarkable  are 
the  hornet  and  the  commxm  wa^  (Vospa),  the  caterpillar-tocup,  the  mawnr 
becy  the  timber-wasp,  &c.  Among  the  ants  (Formicse),  which  also  belong 
to  this  order,  the  male  is  winged,  and  the  females,  or  working-ants,  are 
wingless. 

The  most  important  of  the  order  are  the  bees,  which  8tor«  up  honey  in 
waxen  cells.  These  live  either  solitarily,  or  in  more  or  less  extensive  socie- 
tiea.    The  honey-bees  (Apis  mellifica)  constitute  communities  of  from  aiztaea 
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to  twenty  ibonsanol,  the  largest  portion  of  which  are  armed  labourers.  The 
males,  or  drones^  are  larger,  and  have  no  stings.  Of  these  there  are  several 
hundreds  in  a  stock  or  swarm.  There  is  only  one  single  female,  or  queen, 
who  is  the  parent,  as  well  as  the  ruler,  of  this  numerous  progeny.  Their 
oells,  their  provident  habits,  and  their  social  order,  are  all  equally  subjects 
of  wonder  and  admiration.  Earth-bees,  waU-heeSy  tapestry-bees,  tailor-bees, 
and  carpenter-bees,  are  only  a  few  of  this  large  family.  The  largest  of  all 
the  apians  is  the  humble-bee,  or  humming-bee  (Bombus). 

Seventh  Order.    Diptera. 

150.  The  larvsB  and  grubs  of  the  gnat  tribe  (Culux)  live  in  water,  and 
bence,  in  wet  swampy  places  and  in  rainy  seasons,  they  form  an  almost 
intolerable  plague,  as  musquitoes  and  midges  are  in  hot  climates.  The  gad" 
or  bot-Jly  (Oestrus)  deposits  its  eggs  on  the  shoulders  and  backs  of  bullocks, 
horses,  and  deer,  and  when  the  animals  lick  themselves,  these  ova  are  con- 
veyed into  their  stomachs,  so  that  the  grubs  are  often  found  in  their  intestines, 
nostrils,  and  in  slight  swellings  on  their  backs.  The  well  known  flea 
(Pulex  irritans)  produces  larv»  scarcely  to  be  distinguished  from  those  of 
the  gnat.     It  is  without  wings. 

Of  the  flies  which  lay  their  eggs  in  meat  and  other  provisions,  the  most 
destructive  are  the  carrion-fly,  the  chamber-Jh/  (Musca  domestica),  the 
cheese-hopper,  the  cherry-fly,  the  stubble-fly,  the  leaf-fly,  the  fungus-fly,  &o. 
The  larvae  of  the  plant-lice  fly  destroy  myriads  of  these  noxious  vermin, 
which  feed  on  leaves,  and  the  larvse  of  the  ant-fly  make  a  funnel-shaped  hole 
in  the  sand,  where  they  entrap  the  ants.  The  green  gold-fly  and  the  beau- 
tiful blue  and  red  spotted  flies  deserve  to  be  noticed,  while  the  har^eU-bug 
and  the  horse-fly  are  too  well  known  by  the  intolerable  itching  and  pain 
produced  by  their  stings. 

Seventh  Class.     ARACHNiD-ffi  (the  Spider  Tribe), 

151.  These  animals  have,  for  the  most  part,  a  largely-developed  abdomen, 
exceeding  in  size  both  the  thorax  and  head,  which  in  this  class  are  united. 
To  the  thorax  there  are  attached  four  pairs  of  legs,  but  no  wings.  Like 
insects,  they  are  provided  with  air-tubes,  which  permeate  their  body  in  all 
directions,  and  supply  the  animal  with  air  for  breathing,  and  oxygenised 
blood,  to  support  the  circulatory  system.  Upon  the  upper  side  of  the  cephalo- 
th<»rax  are  placed  the  simple  eyes,  of  which  from  two  to  eight,  and,  in  some 
of  the  scorpion  tribe,  from  ten  to  twelve,  are  present.  The  arachnidans  are 
divisible  into  three  groups,  viz.,  scorpions,  spiders,  and  mites. 

The  scorpion  family  is  distinguished  from  the  spiders  by  the  greater  length 
of  their  articulated  and  slender  body,  which  terminates  in  a  hollow  sting, 
which  latter  organ  is  intimately  connected  with  a  poison  bag  or  bladder. 
The  sting  of  the  European  scorpion,  which  is  a  native  only  of  the  southern 
parts  of  Europe,  is  mortal  when  inflicted  on  small  animals,  and  in  every 
case  it  excites  inflammation,  and  is  attended  with  great  sufiering.  The 
Indian  scorpion,  which  is  about  four  inches  long,  is  capable  of  inflicting  a 
deadly-venomous  wound. 

The  spiders  are  all  predaceous,  living  on  insects,  which  they  ensnare  and 
seise  with  their  fangs,  kill,  and  then  suck  the  whole  substance,  with  the 
exception  of  their  integuments.     Most  of  them  prepare  nets  of  fine  threadS| 
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which  they  spin  from  the  posterior  part  of  th«  abdomeD,  from  a  spinmng 
apparatus  called  a  spinnaret;  others,  however,  directly  seize  their  prey,  by 
spriDgiDg  upon  it,  as  the  leaping*spider  (Salticus) ;  the  brovsn  wotf-tpider 
(Bolomedes),  which  frequently  is  seen  carrying  a  small  woolly  bag  along 
with  it,  in  which  its  ova  are  enclosed ;  the  tarantula  (Lyoosa  tarantuk), 
assumed  to  be  a  fearfully- venomous  spider,  its  bite  causing  the  patient  to 
dance  and  skip  like  one  in  a  frenzy;  this  has,  however,  lately  been  doubted. 
The  minwff-spid^r  lurks  in  an  earth-hole,  and  the  water-tpider  (Argyroneta) 
entraps  aquatic  insects  in  a  remarkable  nest,  somewhat  like  a  finger-stall, 
which  she  places  among  the  weeds  by  the  river's  brink. 

The  most  common  of  the  weaving  spiders  are  the  house-gpider  (Anena 
domestica),  and  the  tortoise-shell  (Epeira  diadema),  the  green  and  gray 
gardenrspider,  and  the  very  small  summer  or  gossamer-spider^  which  last 
covers  the  fields  with  millions  of  the  finest  threads,  which  hold  the  monuQg 
dews  of  harvest,  and  appear  in  the  early  morn^  when  the  sun's  rays  fall 
obliquely,  like  myriads  of  glittering  pearls,  reflecting  all  the  varied  colours 
of  the  rainbow.  The  least  breeze  dissipates  the  gay  illusion,  and  destroys 
the  beautiful  workmanship  of  the  tiny  beings.  The  bird-spider  (Mygale 
avicularia),  as  large  as  a  man's  hand,  a  native  of  Surinam,  is  believed  to  be 
the  largest  of  the  araohnidans. 

The  harvest-many  or  Harry-hng-legs  (Phalangium),  which  lives  after  its 
long  legs  are  torn  off.  This  forms  the  transition-order  between  the  spiders 
and  the  mites,  and  other  little  creatures  that  are  frequently  found  in  old 
books,  papers,  and  collections  of  plants.  The  hook-scorpion  (Chelifer)  is 
*the  representative  of  these  destructive  vermin. 


a.  Upper  Sorfooe. 


c.  Lower  Surface. 


The  miies  are  small  insects,  that  partly  consume  decaying  plantfl^  but  are 
most  commonly  found  among  the  predaceous  vermin  of  other  larger  animals. 
To  these  belong  the  insect  mites  (Trombidium)^  the  ticks  (Ixodes),  wbicb 
suck  the  fluids  of  dogs  and  sheep )  the  chicken  tick  (Acarus  galllnso) ;  the 
chafer  mite  (A.  coleoptratorum) ;  the  acarus  of  the  itch  (A.  scabiei,  fig- 
72),  which  produces  the  aforesaid  disease,  in  the  pustules  of  which  they  are 
found  'f  and  the  cheese-  and  meal-mites. 
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Eighth  Class.    Anntjlata  (Annelida). 

152.  The  integomeiitB  of  the  asimalB  componng  this  class  consist  of  a 
i^Btem  of  articulated  rings,  and  hence  they  are  conveniently  designated  an- 
nelidans.  These  ringa  are  mostly  of  equal  diameter,  so  that  worms  have  in 
general  an  elongated,  perfectly  cylindrical  forrn^  with  an  oral  and  anal  aper- 
ture, one  at  each  end.  No  sections  representing  the  head,  thorax,  and  abdo- 
men are  perceptible  in  this  class.  The  joints  of  the  rings  are  generally 
provided  with  short  bristles  or  long  hairy  filaments,  but  these  are  never  arti- 
culated, nor  are  employed  to  aid  the  movement  of  the  animal ;  but  many 
authors  regard  these  bristly  or  hairy  appendages  as  in  some  degree  or  other 
conducive  to  locomotion. 

In  worms^  neither  lungs,  nor  gills,  nor'  air-tubes  have  been  discovered. 
Their  circulatory  system  is  a  ramification  of  blood-vessels  in  their  cuticular 
integuments ;  hence  the  necessary  purification  of  the  blood  by  atmospheric 
air  is  effected  by  the  direct  contact  of  the  latter.  It  is  remarkable  that  the 
vascular  system  of  the  greatest  part  of  the  annelidans  has  a  red  coloar,  which 
is  not  the  case  in  any  other  class  of  invertebrate  animals.  An  enlargement 
of  the  arterial  vessels,  which  in  the  higher  classes  forms  the  heart,  is  never 
perceived  in  these,  but  in  several  a  pulsation  of  the  larger  arteries  b  per- 
ceptible. 

Their  habitats  are  exclusively  either  the  water,  or  else  very  moist  earth  or 
mnd.     The  greatest  part  of  them  inhabit  the  sea. 

Bed  Wobms. 

153.  Many  genera  of  these  inhabit  the  sea,  and  most  of  them  are  orna- 
mented with  threads,  hair,  and  scales,  which  do  not,  however,  appear  to  be 
of  much  significancy  in  their  general  economy.  As  examples  we  cite  the 
nereids  (Nereidsa,  ^.  73),  the  tufted  and  Umded  tcarmSf  so  named  on  ac- 


count of  the  bunches  of  hair  with  which  their  articulations  are  provided. 
The /eU-icarm  (Aphrodite),  the  long  hairs  of  which  are  among  the  most 
splendid  objects  in  the  animal  kingdom,  and  their  effulgence  is  said  to  be 
equalled  by  that  of  the  humming  birds  alone.  There  are  besides,  the  Sa- 
bellas,  or  -pencil,  fan,  and  comh-worms  (Sabella),  and  the  giant-worm 
(Eunice  gigantca),  an  aquatic  native  of  -the  West  Indies.  Several  of  this 
tribe  constantly  inhabit  a  shell,  sometimes  composed  of  several  jointed  seg- 
ments, a  tegumentary  apparatus  formed  of  their  ovm  secretions,  and  some- 
times of  grains  of  sand  or  fragments  of  shells  agglutinated  together.     The 
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serpulas  (Serpulss)  are  firequentlj  found  adhering  to  stones,  mossels,  &c.,  in 
the  north  sea. 

The  common  earth-worm  (Lumbricus  terrestris)  feeds  upon  the  tender 
radicles  of  plants^  and  often  falls  a  prey  to  birds  and  chickens,  and  is  heades 
used  by  anglers  as  ground-bait.  For  this  latter  purpose  the  sand-worm 
(Arenicola),  which  abounds  in  sand  by  the  sea-shore,  is  frequently  employed 
by  fishers ',  in  the  lobster  and  crab-fishery  as  many  as  ^m  three  to  four 
thousand  of  these  worms  are  attached  on  hooks  to  one  line. 

In  stagnant  waters  abound  the  naied-worm^  (Nais  proboaoidea),  which 
have  the  remarkable  character  of  increasing  by  mechanical  division.  AmoD2 
the  smooth-skinned  worms,  there  is  the  le^,  the  most  useful  creature  of  aU 
invertebrata,  which  by  its  blood-sucking  propensity  has  saved  the  lives  of 
many  human  beings.  The  leech  used  in  medicine  (Hirudo  medioinalis)  is 
from  three  to  four  inches  long  and  not  above  one-fourth  of  an  inch  thick; 
its  back  is  black,  with  eight  yellow,  black  and  red  stripes,  with  yellow  spots  on 
the  stomach.  It  is  now  rarely  found  in  the  pools  and  ditches  of  England,  so 
many  thousands  having  been  recently  caught  for  domestic  use  and  for  expor- 
tation without  any  provident  forethought  of  the  future.  The  rearing  of 
these  important  creatures  having  been  thus  neglected,  millions  are  now  im- 
ported annually  from  Poland,  Hungary,  Wallachia,  and  even  from  Siberia. 
Many  artificial  leech-ponds  have  been  recently  constructed.  It  is  recom- 
mended that  all  leeches  which  have  been  employed  in  bleeding  should  neither 
be  cast  away  nor  destroyed,  which  is  too  frequently  the  case,  but  that  they 
should  be  preserved  and  brought  to  leech-ponds,  where  among  the  turfis  and 
clods,  they  increase  so  fast,  that  the  very  poorest  person  might  avail  himself 
of  their  aid  in  cases  where  such  remedies  alone  are  available.  Owing  to  the 
high  price  of  leeches,  persons  of  limited  means  must  renounce  altogether 
the  benefits  derivable  from  their  application.  The  leech  lays  her  eggs  in  a 
gelatinous  mass  about  the  size  of  an  acorn ',  after  a  certain  period  the  young 
are  developed,  which  are  then  quite  colourless,  and  are  unfit  for  suction  of 
human  blood  until  they  attain  to  the  age  of  two  years.  The  horse-kech  is 
common  in  England  and  in  all  the  British  isles.  It.  is  somewhat  larger  than 
the  medicinal  leech  and  is  of  no  known  utility. 

White  Worms. 

154.  These  annelidans  form  an  inextensive  group  of  very  small  animals 
which,  until  recently,  were  classed  among  the  Infuswia.  They  have  obtained 
the  name  of  wheel  animalcules  (Turbellaria),  on  account  of  the  whirls  they 
produce  in  water,  by  which  motion  the  animalcula  on  which  they  Uve  are 
drawn  into  their  mouths.  Their  bodies  are  mosUy  soft,  transparent,  provided 
with  a  tail,  and  through  union  or  division  they  are  very  variable  in  their 
appearance.  In  many  of  them  red  eyes  are  perceptible.  In  stagnant  wateis 
the  rotate-worm  (Rotifer  vulgaris)  is  frequentiy  met  with. 

Ninth  Class.    Mollusoa. 

155.  The  vital  organs  in  this  class  are  so  perfectly  developed  that  they 
have  been  by  authors  compared  to  the  higher  classes  of  animals,  because 
they  are  possessed  of  a  trunk  similar  to  quadrupeds,  &c.,  only  deprived  of 
the  head  and  limbs. 
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The  moIlTiscs  have  an  alimentary  apparatus,  which  forms  a  distinct  organ, 
with  several  convolutions  and  two  apertures,  a  tolerably  large  liver  and  circu- 
latory system  which  contains  a  watery  fluid,  and  proceeds  from  a  centre  or 
heart  with  one  ventricle  or  chamber.  The  lungs  are  represented  either  by 
lamellse  and  vascular  ramifications  which  are  called  gills,  or  by  pulmonary 
tubes  abundantly  furnished  with  ramified  vessels.  The  nervous  filaments 
which  proceed  from  gangliar  rings  are  only  partially  present  in  the  higher 
orders  of  the  class;  many  of  them,  however,  have  tentacula,  which  they 
have  the  power  of  projecting  or  retracting  at  pleasure.  Their  skin  is  called 
the  mantley  and  is  not  present  in  all  the  molluscous  orders.  This  organ  is 
soft  and  slimy,  and  covers  the  mollusk  like  a  sack.  By  this  the  muscles  are 
either  contracted  or  expanded,  the  shells  shut  or  opened ;  or,  if  the  muscle 
has  an  elongated  form  and  is  used  for  locomotion  or  for  piercing,  it  is  called 
a  foot.  If  the  muscle  be  expanded  and  adapted  for  crawling,  it  is  called  a 
sole. 

The  greater  part  of  the  molluscs  secrete  a  fluid,  which  by  exposure  is 
indurated,  formmg  a  shell  (testa),  which  consists  of  carbonate  of  lime,  and 
hence  they  are  named  testacea  or  testaceous  animals  (Conchylia).  The  shell 
is  either  one  entire  piece,  as  in  the  snails,  or  in  two  pieces,  as  is  the  case  in 
the  mussels. 

They  are  all  inhabitants  of  the  water,  and  the  most  beautiful  and  the 
largest  are  only  found  in  the  tropical  seas.  A  few  inhabit  the  moist  ground. 
They  are  almost  all  eatable,  and  therefore  useful.  They  generally  subsist 
on  vegetable  substances;  but  many  of  the  larger  marine  testacea  live  by 
suckiug  the  juices  of  other  molluscous  or  fishy  inhabitants  of  the  sea.  They 
increase  by  eggs,  which  they  produce  in  immense  quantities. 

On  account  of  the  perfect  development  of  their  viscera,  the  molluscs  have, 
by  many  authors,  been  placed  higher  in  their  systematic  classifications  than 
the  annular  and  articulated  tribes. 

They  are,  in  general,  subdivided  into  two  principal  groups ;  in  those  of 
the  first,  a  head  is  more  or  less  developed,  and,  in  the  second,  this  is  not  the 
case.    Besides  they  are  divided  into  seven  orders  of  very  unequal  importance. 

156.  To  the  first  section  of  the  molluscs  belongs  the  order  Cephalopoda, 
thus  named  because  the  tentacula  or  motive  organs  are  appendages  to  the 
head ;  these  organs  serve  the  purposes  either  of  seizing  prey  or  of  attaching 
the  animal  to  foreign  bodies,  or  for  swimming  or  crawling ;  they  are  remark- 
able for  the  number  of  their  suctorial  nipples  on  the  borders  of  their 
tentacala,  by  which  they  can  attach  themselves  so  firmly  that  no  force  can 
pull  them  oif  without  laceration  of  the  limbs  themselves.  No  cupping  glass 
is  so  firmly  attached  to  the  patient's  skin  as  the  numerous  hollow  nipples  of 
the  cephalopoda  are  attached  to  their  prey. 

The  most  important  animal  of  this  order  is  the  cuUle  JUk  (Sepia),  which 
is  from  five  inches  to  about  two  fieet  long.  This  creature  is  found  in  all  seas, 
and  its  appearance  is  that  of  a  short-necked  flask.  The  animal  is  provided 
with  a  bag  which  is  filled  with  an  inky  fluid  of  a  dark  brown  colour,  which 
is  extensively  used  by  artists  under  the  name  of  t^pia.  It  also  produces 
the  Jisk-hone  of  commerce  (os  sepise),  an  oval  calcareous  formation  in  the 
back  of  the  mollusk,  and  celebrated  as  a  dentifrice. 

The  smaller  sepias,  which  often  appear  in  enormous  shoals,  are  the  prin- 
cipal food  of  the  cod,  and  the  larger  crustaceans.    In  the  Mediterranean  sea 
39 
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on  the  coasts  of  Greece,  the  great  cuttlefish  (Octopus  Yulgaris)  is  met  with; 
the  tentacnk  of  this  monster  are  twelve  feet  long  and  very  formidable. 
This  animal,  which  the  ancients  named  polypes  (many  footed),  may  probably 
have  given  birth  and  currency  to  the  tales  of  the  fabulous  monsters  (Eraken) 
of  the  Norwegian  seas,  which  perform  so  important  a  part  in  many  northern 
sagas. 

The  above  are  unfurnished  with  a  shell,  but  to  the  tostaoeous  portion  of 
the  order  belong  ^e  pearly  nautilus  (Nautilus^  %g.  74),  the  beantifdllj 


74. 

[Pearly  Nautilus,  with  the  shell  laid'  open ;   t,  tentaoala ;  e,  ftumel ;  /»,  foot ;  Si 
portioirof  mantle;  o,  eye;  y,  siphon.] 

convoluted  pearly  shell  of  which*  is  formed  into  drinking-cups,  and  the  ghm- 
boat  or  paper  nautilus  (Argonauta,.  fig.  75),  with  a  whiter,  thinner,  beauti- 
fully formed  shell. 

Among  the  petrifactions  of  the  stratified  rocks  (Mineralogy  §  114)  are 
found  many  testaceous  organic  remains  which  are  attributed  to  this  order, 
though  no  longer  found  in  a  recent  state  ]  the  principal  of  these  are  the 
ammordtesj  gryphites^  belemnites,  &c. 

The  second  order,  j^eropoda,  so  called  on  account  of  the  lateral  wing-like 
processes  which  constitute  their  locomotive  apparatus.  They  are  mostly 
very  small,  but  appear  at  certain  times  in  countless  numbers.  The  most 
remarkable  is  the  dio  or  whale  mussel  (Clio  borealis),  which  is  oommoii  in 
the  North  Sea,  and  is  the  principal  sustenance  of  the  whale. 

156.  The  gasteropoda  or  snails  form  a  veiy  extensive  and  important  order. 
The  greater  portion  of  this  tribe  has  only  one  shell,  which  in  general  is  con- 
voluted. The  muscular  part  of  their  body  is  extended,  and  forms  one  Tentral 
disk  or  foot,  from  which  motive  organ  they  have  received  their  name.  Gas- 
teropoda.   They  can,  however,  likewise  swim.     Although  very  languid  and 
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75. 

slaggish,  they  are  frequently  very  iDJarions  to  the  lahoors  of  the  hortioulta- 
rist  Those  which  have  no  shelly  coyering  are  called  dugg.  The  snails  are 
distinguished  by  a  distinct  bead  and  tentacula  which  surround  the  mouth ; 
and  in  the  warm  seas  these  are  remarkable  for  their  size  and  effulgent 
colours.     Their  shells  are  applicable  to  many  ornamental  purposes. 

The  most  important  individuals  of  this  tribe  are  the  following,  viz.  — 
Doris  Buccmunif  bladder-snail  (Bulla),  the  cup-snail,  chafer-mail,  the 
chiton  (JS)Q\Um),jdaiter-mail  (Patella) ;  the  greater  part  of  these  live  on 
marine  plants.  The  juice  of  the  sea-hare  snail  (Aplysia  depilans)  is  so  acrid 
that  it  destroys  the  hair. 

The  most  common  of  the  terrestrial  snails  which  live  on  moist  earth  or  in 
Bwamps,  are  the  red  and  brown  common  dvg  (Limax),  the  salad  or  field  dug 
(L.  agrestis),  both  of  which  are  without  snells.     The  largo  edible  snail 
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(HeHz  pomatia)  has  a  convoluted  shell,  and  is  esteemed  delicate  and  nntii- 
tious  food;  the  garden-miail  (H.  hortensis);  the  large  twamp-matl  (H. 
stagnalis) ;  the  trencher  or  pott-horn  snail  (Planorbb; ;  and  toe  commoa 
sicamp-snatl  (Palndioa),  belong  to  this  order.  ^ 

One  of  the  most  beautiful  marine  snails  is  the  cocMestain  (Scalaria), 
which,  as  a  curiosity,  is  valued  at  ten  dollars ;  of  the  genus  turhoj  there  is  a 
species  in  Holland  which  is  salted  and  used  as  food. 

The  following  also  de8er^'e  to  be  noticed,  viz.,  the  tkUiU-rniaU  (Conns) ; 
the  roller-mail  (Voluta) ;  the  large  cowrie  or  iigersheU  mail  (Cypraea  tigris), 
beautifully  spotted  and  frequenUy  manufactured  and  mounted  as  bon>b(m 
boxes,  snuff-boxes,  &c. ;  the  small  spotted  sheU  (Cypraea  moneta),  or  Cowrie, 
used  in  India  for  ornamenting  harness,  and  also  as  money ;  the  egg-snaU 
(Ovula) ;  the  harp-mail  (Buccinum  harpa).  The  shell  of  a  snail,  which, 
on  account  of  its  fire-red  month,  is  called  ih%  fiery  oven  (Cassis),  is  employed 
by  lapidaries  as  a  cement.  The  trumpet-mail  (Murex  tritonis),  which  is 
half  a  foot  long,  and  has  its  mouth  beautifully  red-coloured  ]  the  spindle- 
mail  (Fusus),  and  the  winged-snail  (Stronlbus). 

Several  snails  yield,  when  submitted  to  heat,  a  beautiful  purple-coloured 
juice,  which  anciently  was  employed  in  dyeing  the  most  oosUy  8tu&.  The 
famous  Tyrian  purple  is  supposed  to  have  been  prepared  from  the  sap  of  a 
certain  kind  of  snail  found  in  tLu  easti?ni  parts  of  tbe  Medicorranean  Sea. 

158.  The  Brachicpoda  are  di^iinguii^hed  by  tvo  long  spiral  arms  place<l 
on  each  side  of  the  mouth,  from  which  they  bavc  received  the  name  of  bra- 
chiopods;  these  organs  are  destJDed  for  procuring  the  animars  food  as  well 
as  for  locomotion.  They  form  a  « in  all  action  of  mtu-ine  mollusks,  which 
are  always  attached  to  rocks  or  other  objects.  Their  habibtion  is  composed 
of  two  shells^  and  the  most  remarkable  are  the  t^relnduhi ^  multitudes  of 
which  are  found  as  petrified  rem  ulna  m  vurjous  kinds  of  stratified  rocks. 

159.  The  conchifera  surpass  all  the  moUusks  in  the  amount  of  human 
nutriment  which  they  afibrd.  They  are  like  the  last  order  furnished  with 
bivalve  shells,  which  open  and  shut  by  a  joint  or  hinge^  a  motion  effected 
by  the  mantle  of  the  animal.  They  commonly  live  at  the  bottom  of  the 
water,  where  they  move  about  in  the  muddy  slime  by  the  agency  of  th^ 
expanded  muscle  or  foot,  as  it  is  not  unappropriately  <»lled.  The  most  im- 
portant are  the  following,  viz. 

The  boring-ahellsy  frequently  found  on  our  coasts ;  the  pholas,  or  boring- 
worm  (Teredo  navalis),  about  the  size  of  a  quill,  which  bores  into  the  timber 
of  ships  and  weirs  and  occasions  much  (kmage ;  the  stone^phokis  (Pholas 
dactylus),  which  by  means  of  its  hard  siliceous  shell,  penetrates  stones ;  ita 
flesh  is  savoury,  and  shines  in  the  dark;  the  razor-shell  (Solen);  the  sauce 
mussel  (Tellina  gari),  from  which  an  Indian  sauce  is  prepared  which  is  highly 
esteemed  as  a  delicious  condiment;  the  triangular  mussel  (Donax),  and  the 
edible  heart-mussel  (Cardium).  Among  fresh-water  mussels  we  find  the 
following : — 

The  large  duck-mussel  (Anatina),  the  swan-musselj  the  painter* s  mussel 
(Mya  pictorum),  the  shells  of  which  are  used  for  keeping  painter's  colours; 
the  pearl-mussel  (Mya  margaritifera),  which  occurs  in  some  tidal  rivers  in 
England  and  in  the  brooks  of  northern  Germany,  and  from  which  pearia 
of  considerable  value  have  been  obtained. 

The  following  shells  and  mollusks  are  confined  exclusively  to  the  sea,  viz.; 
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the  ark^musid  (Area),  the  gianUmund  (Chama  gigas),  which  is  foaod  in 
the  Moluccas,  and  is  the  largest  of  the  whole  class,  often  attainlDg  a  oircam- 
ference  of  from  six  to  eight  feet,  and  a  weight  of  200  lbs. ;  the  gammon- 
musael  (Mjtilus)  is  a  triangular  violet-coloured  shell,  shaped  like  a  ham, 
with  eatable  flesh.  A  bunch  or  tuft  of  silky  hair,  called  Bj/ssusy  nearly  a 
foot  long,  is  produced  on  this  shell ;  in  the  pinna,  a  Sicilian  mussel,  this 
byssus  is  so  large,  soft,  and  delicate  that  the  inhabitants  manufacture  it  into 
stuffs,  of  which  gloves,  and  other  small  articles  of  dress,  are  sometimes  made, 
and  are  not  infrequent  in  cabinets  of  curiosities.  On  this  mussel  a  small 
crab,  called  the  pinna-warderj  is  frequently  found.  The  genuine  pearl- 
mussel  (Margaritifera),  which  produces  the  precious  pearl,  and  the  mother- 
of-pearl,  as  it  is  called,  is  caught  in  the  East  and  West  Indies,  and  especially 
in  the  Persian  Gulf,  by  pearl  fishers  or  divers. 

The  most  important  of  all  this  tribe  is  undoubtedly  the  oi/ster  (Ostrea 
edulis,  fig.  76);  many  sorts  of  which  are  obtained  on  all  the  coasts  of  north- 


[Anatomy  of  the  oyster:  v,  one  of  the  yalves  of  the  shell;  v^  its  hinge;  m,  one 
of  the  lobes  of  the  mantle;  m^,  a  portion  of  the  other  lobe  folded  back;  c,  adductor 
muscle ;  b  r,  gills ;  b,  month ;  I,  tentacula,  or  prolonged  lips ;  /,  liver ;  i,  intestine ; 
a,  anus ;  e  o,  heart.] 

em  Europe;  and  their  breeding,  catching,  and  exportation  supply  labour 
and  subsistence  to  thousands  of  families.  A  single  oyster  is  said  to  con- 
tain two  millions  of  eggs.  The  pecten  (Comb)  and  scallop  are  beautiful 
shells  of  the  ostracean  genus. 

160.  The  last  order,  Tuntcata,  which  includes  those  mollusks  which,  in- 
stead of  a  calcareous  shell,  have  an  external  investment  of  a  coriaceous 
nature  incasing  their  whole  body.  They  are  found  agglutinated  to  rocks, 
sea-weeds,  or  other  submarine  bodies,  either  individually  or  in  bunches.  The 
Salpas  and  Pyroaomoi  are  gelatinous  and  transparent,  growing  in  masses  like 
the  above-mentioned  tunicated  mollusks.     The  latter  has  Uie  property  of 
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emitting  a  brilliant  phosphorescent  light,  whence  is  derived  tha  same  hf 
which  this  species  is  distinguished. 

Tenth  Class.    Radiata. 

161.  The  animals  composing  this  class  are  all  inhabitants  of  the  sea,  and 
are  distinguished  by  a  coriaceoos  or  caloareooB  investment  on  which  there  are 

generally  found  ap- 
^^  ^.  pendages  that  have 

the  appearance  of 
tufts  or  feelers. 
Some,  like  the  aea- 
urchtfis  (Echinodfir- 
mata),  have  strong 
spines,  hence  the 
origin  of  their  gene- 
ral name. 

These    organs, 
which    the    animal 
can  contract  or  ex* 
pand    at    pkidnne, 
77.  partly  perform  the 

office  of  tentacnla 
(feelers)  and  partly  discharge  the  duties  of  respuation  and  locomotion. 
Their  position  is  regular,  being  mostly  five  radiating  processes  extending 
horizontally  around  their  mouth.  The  radiate  animals  compose  three  sac* 
tions  or  subdivisions ;  the  first  are  cylindrical  and  vermicular,  the  second  are 
globular,  and  the  third  radiate. 

Among  the  animals  composing  the  first  section,  are  the  ffolotkuria  (fig. 

77),  commonly  known 
by  Uie  appellation  of  8ea> 
cucumbers,  which,  when 
taken  out  of  the  sea, 
emit  water,  like  a  fr- 
inge. H.  edttlia  ia  e»» 
teemed  a  delicacy  ansoog 
the  Chinese. 

The  aea^rchins  ('Echi- 
ni), are  globular,  hemi* 
spherical  or  cordate 
(heart^aped),funiished 
with  many  ridges  and 
spines,  somewhat  like  a 
melon-cactus;  and  by 
the  assistance  of  these 
spinous  appendages  they 
78.  are  able  to  crawl  along 

the  shore.  The  oral 
aperture  is  on  the  under  side,  the  intestinal  canal  is  very  long  and  disposed 
in  several  convolutions,  and  it  usually  terminates  in  an  anal  opening  on  the 
upper  side.    They  feed  on  small  crabs  and  mussels ;  and  the  greater  portioiiy 


CCELBLHINTHA. 


615 


espedtSlj  of  the  krger  8ort0,  ig  edible.  The  most  common  aie  the  Turl;^$ 
cap  (Cidaiis  imperialis),  and  the  common  aea^rchin  (Eohinos  esonlentoBy 
fig.  78). 

In  habits  and  economy  the  Anterias  est  Star-fish  is  very  simiUur  to  the 
animals  composing  the  preceding  sections.  The  common  ttar-fiah  (Asterias) 
has  its  five-rayed  processes  compressed  and  flattened ;  in  the  Ophivroj  these 
appendages  are  Termioolar  \  in  the  Oorgonocephahts,  or  head  of  Medusa, 
they  are  nnited  by  ligaments  so  as  to  permit  a  considerable  degree  of  motion. 
The  techHltes  (Enorinites),  and  the  tea-pink,  consist  of  a  long  often  branching 
stem,  which  is  attached  to  the  submarine  soil  or  rock  on  which  they  live ; 
the  upper  portion  of  their  body  resembles  the  blossom  of  a  flower,  which 
they  are  enabled  to  open  and  shut  at  their  pleasiure. 

Many  of  the  echini,  the  asterias,  and  the  encrinites,  are  found  petrified, 
especially  in  the  calcareous  and  other  stratified  formations. 

Eleventh  Class.    Entozoa  (Ccelelmintha). 

162.  The  animals  of  this  class  present  the  remarkable  phenomena  of  ex* 
istbg  in  the  interior  of  other  animals,  as  their  name  implies,  and  they  are 
chiefly  found  in  the  various  portions  of  the  viscera.  Their  organisation  is 
v^  imperfect  The  traces  of  organs  of  sensa- 
tion are  imperceptible,  even  a  respiratory  ap- 
paratus cannot  be  recognised  in  these  soft, 
ahnost  homogeneous  objects.  They  certainly 
live  on  the  fluids  of  the  animals  which  harbour 
them,  and  are  not  only  permanent  but  often 
dangerous  inmates.  About  1500  sorts  are 
known,  almost  every  animal  being  infested  with 
a  kind  of  intestinal  parasite  peculiar  to  itself, 
and  frequently  harbouring  several  sorts  at  the 
same  time.  They  are  divisible  by  their  form 
into  five  chief  orders. 

The  first  order  is  composed  of  round  loomu, 
one  of  which,  the  thread-toorm  (Fiiaria),  is 
three  feet  long  and  of  the  thickness  of  a  fila- 
ment of  silk ;  a  terrible  pest  in  tropical  regions, 
where  it  is  developed  in  the  human  leg  imme- 
diately under  the  skin.  In  the  human  stomach 
is  found  the  trichocepJialus,  from  one  to  two 
lines  long,  and  more  than  one  species  of  asca- 
riSj  vis.  (A.  lumbriooides)  aud  (A.  vermiculo- 
ris)  about  three  lines  loug,  are  frequent  in  the 
intestinal  canal  of  children.  The  strongiliu 
is  found  in  the  kidneys  of  men  and  horses ; 
and  the  strongilus  fiiaria  in  the  trachea  of 
sheep.     The  latter  excites  violent  coughing. 

Of  the  two  following  orders,  we  only  men- 
tion the  ttchrdoorm  of  swine  (Echinorhynchus), 
and  the  hver-ioorm  (Distoma);  the  latter  is 
found  in  the  biliary  ducts  of  men  and  sheep. 
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The  order  of  the  tape^wanm  oontuiw  the  Tasnia  tdwm  (fig.  79),  one 
of  the  most  enduring  and  pernicious  parasites  of  the  human  Bubject,  being 
of  exceedingly  difficult  destructiony  for  if  it  happens  to  be  broken,  the  part 
which  is  terminated  bj  the  head,  has  the  &culty  of  reproducing  itself.  The 
common  tape-worm  is  from  four  to  ten  feet  long,  ehiefly  found  among  the 
inhabitants  of  Western  Europe ;  the  other  species  (Botriocephalus)  is  some- 
times found  of  the  enormous  length  of  from  20  to  30  feet  It  is  met  with 
among  Eastern  Europeans. 

The  hyatid  (Oysticerous)  is  vesiculate  in  form,  with  a  suctorial  appantas 
or  head.  It  is  found  in  almost  all  the  viscera  of  the  human  body,  and  espe- 
cially in  swine ;  in  the  latter  it  occasions  nuclei  of  the  size  of  a  pea  or  evea 
of  a  nut  It  is  also  found  in  the  brain  of  sheep,  and  occasions  what  is 
commonly  called  the  gids  (affection  of  the  brain).  It  consists  of  a  d^cate 
transparent  bladder,  and  is  sometimes  as  large  as  a  hen's  egg  provided  with 
an  apparatus  of  hooks  and  suckers. 

Twelfth  Class.    Acalephjb.    Sea  Nettles. 

163.  The  lower  we  descend  in  our  progressive  survey  of  the  animal  km^ 
dom,  the  more  strikingly  does  the  contrast  between  the  lower  and  higher 
types  of  animated  beings  excite  our  wonder  and  admiration.  The  lower 
forms  are  so  abnormal,  and  exhibit  so  many  and  decided  aberrations,  that 
their  description,  either  identically  or  analogically,  is  not  unatteaded  with 
difficulty. 

Organs  which  in  the  higher  animals  are  well  known,  and  their  functioDS 
well  defined,  are  either  totally  wanting  or  so  peculiarly  constructed  that  we 
are  under  the  necessity  of  consideriog  them  in  another  aspect,  or  under  dif> 
ferent  relations.  But  besides,  as  all  the  living  creatures  arranged  under  the 
following  classes  are  marine,  and  for  the  most  part  impossible  to  be  preserred 

in  a  state  fit  for  invesdgatioD,  a  knowl- 
edge of  their  structure,  &o.,  is  unat- 
tainable without  the  a^  of  aocuiato 
pictorial  representations. 

These  acalephas  or  nettle-like  ani- 
mals, a  name  derived  from  their  sling- 
ing properties,  are  divided  into  three 
orders,  each  of  which  is  characterised 
by  their  locomotive  appendages,  vis., 
the  pulmonigrndcif  the  cihoffrada, 
and  the  ph^tograda.  In  general,  the 
animal  consists  of  a  membranous  bbdr 
der,  swimming  in  or  on  the  water, 
from  which  flaps  or  multitudes  of 
filamentous  processes  are  suspended. 
These  are  permeated  by  tubular  sa^ 
torial  passages  which  convey  nourish- 
ment to  the  animal  and  aid  it  hi 
moving  from  place  to  place.  The  orea- 
ture  is  not  furnished  with  a  mou^, 
but  entangles  its  prey,  mostly  fishes, 
in  its  prehenule  organs,  and  sueks  the 


POLYPI. 


ei7 


jnlces  even  to  the  bones.  While  some  of  the  acalephons  genen  live,  as  in 
ihe  last  example,  entirely  by  snction,  and  are  henoe  called  snetorial  genera, 
there  are  others  which  haye  an  oral  ap^nre  and  an  alimentary  canal,  which 
are  analogous  to  similar  organs  in  animals  of  a  higher  rank.  Of  these  there 
are  many  sorts,  some  of  which  emit,  during  the  night,  rays  of  the  most 
effulgent  and  variegated  colours. 

If  thmr  tentaouh  touch  any  sensitive  part  of  the  body,  as  the  hand,  for 
example,  a  burning  sensation  is  produced  similar  to  that  which  is  felt  when 
stung  by  a  nettle.  This  is  supposed  to  be  caused  by  a  peculiarly  acrid  jnice 
seoreted  in  their  tentacula,  and  which  is  probably  used  bv  them  as  a  digestive 
fluid. 

The  following  are  the  best  known  of  the  class,  viz.,  the  girdle  of  Venu$ 
(Cestum  Veneris);  the  Portuguete  maiPo/-vjar  of  sailors  (Pbysalia);  Ber&- 
nic^B  hair  (Coma  Berenicis) ;  the  Rhizostoma,  &c.  On  the  coasts  of  the 
east  and  north  seas,  during  the  ebb  tide,  there  is  occasionally  found  the 
Medusa  aurita  (fig.  80),  with  a  six-inches-broad  disk,  formed  of  a  milk- 
white  transparent  gelatinous  mass,  with  four  violet-eoloured  alimentary  and 
prehensile  pendent  organs. 

When  forsaken  by  Uie  tide  and  left  on  the  strand,  the  animal  dries  up  and 
leaves  nothing  but  a  small  quantity  of  transparent  cellular  substance  of  only 
a  few  grains'  weight,  although,  when  in  the  water,  it  probably  weighed  as 
many  pounds.  It  is  of  no  known  utility  to  man,  but  may  afford  subsistence 
to  marine  animals. 


Thirteenth  Class.    Polypi. 

164.  The  Zoophytes  of  earlier  authors,  or  polypi,  are  cehitinous  or  mem* 
branaoeons  creatures  of  various  forms,  though  mostly  tubular.  In  general 
ihey  have  only  one  aperture,  surrounded  by  ^m 
eight  to  twelve  capillary  or  linguiform  tentacula, 
by  which  they  seize  their  prey  and  convey  it  to 
the  mouth.  They  increase  by  ova,  or  oftener  by 
gemmss  or  buds,  which,  while  on  the  original, 
are  gradually  developed  till  they  become  perfect 
polypi,  when  by  natural  fissure  they  are  separated 
from  the  parent.  The  best  known  of  these  are 
the  green  and  gray  polypi  (Hydra  viridis  and 
ffrisea,  fig.  81).  The  marine  polypi  are  exceed- 
ingly numerous;  their  skin  is  various,  sometimes 
similar  to  paper;  sometimes  it  is  coriaceous, 
sometimes  calcareous,  sometimes  the  integument 
is  gektinous,  of  a  more  or  less  firm  consistency, 
and  when  dried  these  animal  remains  may  be 
used  like  hay  for  packing.  Among  others,  the 
following  are  well  known,  viz.,  the  Fungias  or 
fungoid  polypi,  which  are  attached  to  shallow  81. 

parts  of  the  bottom  of  the  Mediterranean  sea, 

especially  about  the  Greek  islands,  whence  they  are  brought  up  by  divers. 
They  are  used  as  a  substitute  for  soap,  and  are  divided  into  two  kinds, 
yfiz.,  the  washing  fungia  and  the  horse  fwngia.     The  animal  part  of  this 
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sabstanoe  consists  in  tbe  slimy  envelope)  which  exhibits  some  sensibiiity. 
Some  authors  haye  denied  their  right  to  a  place  in  the  animal  kingdom. 

The  branching  polypi  consist  of  a  gelatinous  substance,  in  which  gradatlly 
there  is  formed  a  nucleus  of  carbonate  of  lime.  These  polypi  are  firmly 
attached  to  the  bottom  of  the  sea  or  to  rocks,  and  generally  continue  growing 
till  they  reach  its  sur&ce,  when  they  form  a  family  oonsbting  of  myriads 
of  millions  of  beings ;  their  edifices,  known  by  the  names  of  coral  banb 
and  reefs,  are  very  perilous  to  navigation,  and  are  also  the  origin  of  numerooi 
islands,  particularly  in  the  mat  South  Pacific  Ocean. 

The  forms  of  these  coral  edifices  are  very  various,  sometimes  veiy  bean* 
tiful;  the  most  remarkable  are  the  red  coral  (Isis  nobilis),  which  commoDly 
occurs  on  the  coast  of  Algiers,  and  is  fabricated  into  many  ornamental 
articles ;  also  the  white  coralf  the  aea-fecUher  (Plumatella),  the  mariMfy 
(Synoicum),  the  seorcork  (Alcyonium),  the  sea^rapesy  &c. 

Another  tribe  of  polypi  is  composed  of  TnJbiporidaiy  the  animal  part  of 
which  is  invested  with  a  calcareous  tube  or  covering  provided  here  and  then 
with  orifices  through  which  the  creature  protrudes  its  tentaeuhi  in  search  of 
food.  Such  as  are  furnished  with  numerous  small  openings  are  called  fmKs* 
poresj  those  assuming  more  or  less  an  arborescent  appearance  are  named 
madreporei.  Several  species  are  named  in  accordance  with  their  appeanmee, 
as  Neptune's  ruffles  (Betepora),  the  seorcoral,  the  block  coral,  which  is 
capable  of  being  fabricated  into  ornamental  articles. 

The  marine  nettles  (Actinia,  fig.  82),  are  rather  large  fleshy  polypi,  of  the 
form  of  a  small  flower  pot;  their  large  mouth  is  surrounded  with  numeroos 
nuliating  tentacula.  If  they  are  touched  with  the 
hand,  their  tentacula  exert  immediately  their  ie> 
tractile  and  prehensile  energy,  seise  the  hand, 
which  feels  a  burning  pain^.as  if  stung  by  a  nettle. 
Hence  these  objects  have  received  the  name  of 
sea-nettles.  They  generally  remain  attached  to 
submarine  rooks  or  to  the  bottom  of  the  set. 
They  have,  however,  the  power  of  looomotion,  and 
they  are  also  said  to  be  eatable. 

The  softer  polypi  are  eaten  by  marine  animab) 
especially  by  fishes  and  whales.    The  citoreoas 
^^*  stems  of  others  are  often  burnt  into  lime,  and  form 

excellent  mortar.    Corals  are  frequently  found  petrified,  e^^ecially  in  moun- 
tains of  the  ancient  formations  (Miner.  §  114). 

Fourteenth  Class.    Infusoria. 

165.  If  water  is  poured  on  some  vegetable  or  animal  substance,  for  ex- 
ample,  on  leaves,  grass,  or  on  a  bit  of  flesh,  and  the  infusion  exposed  for 
some  days  to  the  ordinary  temperature  of  a  sitting-room,  a  thin  pellicle  is 
formed  on  the  surface.  Suppose  a  bit  of  this  to  be  placed  in  a  drop  of  water 
and  submitted  to  a  microscope,  a  multitude  of  small  lively  creatures  will  be 
seen,  of  very  different  magnitudes  and  shapes,  moving  about  with  great 
energy  in  the  water.  Sometimes  a  single  drop  of  such  water  oontaiDS  a 
thousand  of  these  animalcules.  From  their  origin  they  have  derived  the 
name  of  Infusoria  or  Infusorial  animalcules;  they  have  only  been  knowa 
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nooe  the  hiTSDtiOQ  of  the  mioroeoope;  for  scaroelj  any  of  them  are  visible 
to  the  naked  eye. 

In  stagnant  water,  and  indeed  in  fluids  of  eyery  deseription,  where  either 
Tegetable  or  animal  substanoes  are  undergoing  the  process  of  decomposition, 
tii^  creatures  are  present;  they  are  found  a^  in  the  sea  and  in  rivers,  but 
not  in  pure  spring  water. 

In  reference  to  the  origin  of  these  animalcules,  the  view  was  long  enter- 
tained that  they  were  generated  spontaneously,  that  the  decaying  and  dead 
parts  of  the  yegetable  and  animal  substances  were  decomposed  and  resolved 
into  these  simple  beings.  The  most  accurate  experiments,  however,  have 
shown  us  that  the  infusoria  are  constantly  produced  from  eggs  which  are 
always  present  in  the  atmosphere,  and  which  are  easily  develop^  when  they 
eome  into  contact  with  a  suitable  medium,  after  which  they  increase  with 
incredible  celerity.  These  are  analogous  to  the  spores  or  sporidea  of  the 
minute  or  microsoopic  fungi,  and  to  the  unexpected  appearance  of  plants  in 
plaees  where  no  one  ever  scattered  their  seeds  (Botany  §  99  and  109).  If 
the  infuBorial  matter  be  strictly  secluded  from  atmospheric  influences,  or  if 
it  be  exposed  to  the  same  at  a  very  high  temperature,  no  infusoria  will 
appear.  They  are  rarely  or  ever  developed  on  mountains  of  a  certain  height, 
where  the  atmosphere  is  pretty  free  from  such  substances. 

When  we  consider  that  these  creatures  are  only  l-1500th  to  l-2000th  part 
of  a  line  in  diameter,  and  are  only  visible  when  under  a  powerful  magnifier, 
ifc  may  be  easily  conceived  that  the  eggs,  which  are  100  times  smaller,  exist 
by  millions  in  the  atmosphere,  though  beyond  the  possibility  of  detection. 
Hence,  when  a  stagnant  pod  has  been  dried  up,  the  wind  carries  up,  with 
the  dusty  the  innumerable  ova  of  infusoria,  and  these  ^  continually  floating 
about  in  the  atmosphere  till  they  meet  with  circumstances  favourable  to  their 
development. 

Th^  creatures  feed  partly  on  vegetable  and  partly  on  animal  decomposing 
substances,  and  occasionally  prey  on  each  other.  They  either  catch  their 
food  by  darting  on  it  with  open  mouth,  or  by  a  rotatory  motion  of  their  ra* 
dialed  tentacuia  with  which  many  of  them  are  furnished,  excite  a  little 
whirlpool  or  sort  of  current  in  the  water  which  carries  the  prey  into  their 
jaws.  These  last  are  named  rctifera ;  and  as  being  more  perfect  deatures 
than  some  others  of  the  class,  have  recently  been  ranked  as  a  distioct  order 
in  the  higher  class  of  worms  (§  154). 

Though  these  animalcules  he  so  exceedingly  minute,  yet  they  exhibit  great 
varieties  of  form,  and  many  eenera  are  now  distinguished ;  they  seem  to  have 
the  power  of  contraction  and  expansion,  and  especially  of  assuming  various 
aspects.  The  following  are  the  names  of  a  few  best-known  genera  which 
may  serve  as  a  general  indication  of  their  form.  These  are,  for  example, 
the  monad$  (Monas,  Protozoa),  paste  eels  (Vibrio),  found  in  diseased  grains 
of  wheat  (usually  called  the  brand),  the  screw  and  plate  animalcules  (Cy- 
clidinm),  the  globular,  navicular,  &c.  (Vol vox,  Navicula),  the  trumpet,  the 
urn,  and  clock  animalcules.  Many  infusoria  have  a  calcareous  or  siliceous 
investment,  over  their  entire  body,  serving  as  a  sort  of  panoply  for  defence. 
In  some,  this  defensive  covering,  in  addition  to  lime  and  silicic  acid,  contains 
sesquioxide  of  iron,  forming  a  shell  surrounding  the  creature  like  a  lobster- 
or  crab-shell.  When  the  animal  dies,  the  soft  part  only  perishes,  the  shell 
reaudns  of  its  original  form,  and  the  remarkable  discovery  has  been  made 
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that  entire  formations  of  rock  are  composed  of  the  shells  of  infosoria  alone 
^Compare  MiDeralogy,  §  145).  It  is  also  a  remarkable  fact,  connected  with 
these  little  beings,  that  oxygen  gas  is  exhaled  by  many  infosoria^  whilst  all 
other  animals  yield  by  expiration  carbonic  acid  gas. 

Fifteenth  Class.    Spongia. 

Notwithstanding  the  numerous  investigations  of  sponges,  but  little  is 
known  of  their  true  nature  beyond  the  anastomosing  filaments  of  which  thdr 
frame-work  consists,  and  which,  daring  the  life  of  the  sponge,  is  overspread 
with  a  glairy  semifluid  matter.     The  surfaces  of  sponges  are  observed  to  be 

studded  with  numerous  minute  apertures  (see 
fig.  83),  leading  to  interior  canals,  which,  coa- 
lescing and  forming  larger  passages,  terminate 
in  cavities  that  finiuly  open  by  1^^  and  {so- 
)  '^■HliStSH^HP^  jecting  orifices  upon  the  surface  of  the  sponge. 
Through  the  above-mentioned  little  apertures 
the  water  is  absorbed,  and  on  pressing  the 
sponge  escapes  by  the  larger  orifices. 
^^'  After  their  first  production,  sponges  remain 

permanently  fixed  to  rocks  and  other  objects  suitable  to  their  development. 
The  number  of  species  at  present  described  amounts  to  one  hundred  and 
fortynseven,  some  of  which  are  inhabitants  of  our  own  shores;  but  the  greater 
number  flourishes  in  trofucal  seas,  where  several  species  are  found  of  great 
size  and  beauty. 
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Avpo'imr.  FHm  ahdircf  to  conceal.  The  largest  of  the  three  fplanchnio  earitiei.  The 
otu^  Tifeera  contained  In  it  are  the  itomach,  intestines,  liver,  spleen,  pancreas,  kidneys, 
-MkA  bladder.    It  is  lined  by  the  serom  membrane,  called  the  p^toneom. 

A'bibs.    Lat.    A  fir-tree.     Specific  name  of  a  tree. 

Ab50r'hal.    Not  conformed  to  rule.     From  the  Lat  a6,  from,  and  normot  a  role. 

Aca'cia.  Or.  ahty  a  point ;  a  thorny  tree.  A  genus  of  the  family  Legumindsffi  and  order 
Min6sie.  About  300  species  are  enumerated ;  many  of  them  yield  gum.  The  gum  Arabic 
of  our  shops  is  chiefly  derived  from  the  A,  vera  and  arabicd, 

Aca'cia  ara'bica.    Arabian  acacia. 

AcA'aAS.    Trees  belonging  to  the  genus  acacia. 

AcBR  sacchabi'num.    The  sugar-maple. 

A'cio.  A  term  given  by  chemists  to  those  compound  bodies  which  unite  with  salifiable 
bases  to  form  salts :  for  example,  a  compound  of  sulphur  and  oxygen,  called  sulphuric 
acid,  unites  with  magnesia,  and  forms  a  salt,  named  sulphate  of  magnesia,  or  Epsom 
salts.  The  acids  which  constitute  objects  of  special  manufacture  for  commercial  pur- 
poses, are  the  following :  —  Acetic,  arsenious,  carbonic,  chromic,  citric,  hydrocyanic 
(Pmssic),  malic,  muriatic  (hydrochloric),  nitric,  oxalic,  phosphoric,  sulphuric,  and 
tartaric. 

Aci'dulovs.    Sourish ;  possessing  add  properties. 

Acotylb'dons.  Plants  in  which  the  seed-lobes,  or  cotyledons,  are  absent,  or  indistinct. 
They  form  a  grand  division  of  the  vegetable  kingdom,  including  the  ferns,  lichens,  Ac, 
and  correspond  to  the  Cryptogamia  of  Linneus. 

Ada5so'nia.  a  genus  of  plants  named  in  honour  of  Michel  Adanson,  a  fiunous  French 
botanist,  bom  in  1727.  Adanao'nia  diaita'ta.  Sour  gourd,  or  African  sour-sop.  Mon- 
keys' bread  or  Baobab  tree  of  Senegal,  which  is  considered  the  largest,  or  rather  the 
broadest  tree  in  the  world.  **  Sever^,  measured  by  Adanson,  were  from  sixty-eight  to 
seventy-eight  feet  in  circumference,  but  not  extraordinarily  high.  The  trunks  were  from 
twelve  to  fifteen  feet  high,  before  they  divided  into  many  horizontal  branches,  which 
touched  the  ground  at  their  extremities;  these  were  from  forty-five  to  fif^-five  feet  long, 
and  were  so  Targe  that  each  branch  was  equal  to  a  monstrous  tree ;  and  where  the  water 
of  a  neighbouring  river  had  washed  away  the  earth,  so  as  to  leave  the  roots  of  one  of 
these  trees  bare  and  open  to  the  sight,  they  measured  110  feet  long,  without  including 
those  parts  of  the  roots  which  remained  covered.  It  yields  a  firnit  which  resembles  a 
gourd,  and  which  serves  for  vessels  of  various  uses ;  the  bark  furnishes  a  coarse  thread, 
which  they  form  into  ropes,  and  into  doth,  with  which  the  natives  cover  their  middle 
from  the  girdle  to  the  knees ;  the  small  leaves  supply  them  with  food  in  times  of  scardty, 
while  the  large  ones  are  used  for  ooverinj^  their  houses,  or,  by  burning,  for  the  manu- 
facture of  good  soap.  At  Sierra  Leone  this  tree  does  not  grow  larger  than  an  orchard 
apple-tree."    Loudon, 

Adbb'siok.  a  term  applied  in  physics  to  denote  the  foroe  by  which  particles  of  different 
kinds  are  held  together,  so  as  to  form  a  heterogenottt  whole,  which  may  be  broken  up  by 
meekanieal  means.  Affinity,  on  the  contrary,  unites  particles  of  different  kinds,  so  as  to 
form  a  homogeneous  whole,  which  is  indestmcdble  by  mechanical  means. 

A'Drr.  Lat  adco,  I  approach.  A  horizontal  shafl  or  passage  in  a  mine,  either  for  access, 
or  for  carrying  off  water.    It  is  sometimes  called  **  the  drift." 

Affuc'ity.  The  chemiooJ  term  denoting  the  peculiar  attractive  force  which  produces  the 
combination  of  dissimilar  substances ;  such  as  of  an  alkali  irith  an  acid,  or  of  sulphur 
with  a  metal.    See  Adhesiok. 

Afrioa'rus.    Lat    African ;  belonmng  or  relating  to  Afiica. 
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A'aAvovB.  From  the  Gr.  a,  priTadve,  and  gamot,  mtrrbge.  Hariog  no  mz.  In  (otoay, 
hsring  no  yisible  organi  of  fractifieation.    A  term  applied  to  eryptogamSe  planit. 

A'o ATB.  A  name  given  to  all  varietiei  of  quarts  which  have  not  a  yitreoas  aspect ;  are 
eompaet,  semi-traneparent,  and  wboee  fraetare  reeembles  that  of  wax.  Agates  are  of 
various  oolours,  and  admit  of  a  fine  polish.  According  to  Theophrastas  and  PKny,  the 
name  comes  fVom  the  river  Achates  in  Sicily,  now  the  Drillo,  on  the  banks  of  whidi  the 
first  agates  were  found. 

AiR-PLAifTS.  A  name  given  to  certain  parasitie  plants  which  were  supposed  to  be  nour- 
ished by  the  air  alonci  without  contact  with  the  soil.  There  are  some  species  whidi  will 
live  many  months  suspended  bv  a  string  in  a  warm  apartment 

Alaba'ster.  a  stone,  usually  white,  and  soft  enough  to  be  scratched  by  iron,  or  even  by 
the  nail.  There  are  two  kinds  of  it :  the  gypteomt,  which  is  merely  a  natural  semi- 
crystidline  sulphate  of  lime,  and  the  eaUareout  alabaster,  which  is  a  carbonate  of  line. 
The  oriental  alabaster  is  always  of  the  latter  kind,  and  is  most  esteemed,  because  it  is 
agreeably  variegated  with  lively  eolonrs.  It  is,  moreover,  susceptible  of  taking  a 
marble-polish. 

Al'ba,     ) 

Al'bus,    \     Lat    White. 

Al'bum,  J 

Albi'ho.  Spanish.  From  the  Lat  alfmtf  white.  Applied  to  individuals  of  tbe  humaa 
race  (and  extended  also  to  some  other  animals)  who  have  white  hair ;  the  iris,  pinkish 
or  very  pale ;  and  the  eyes  unable  to  bear  much  light  Albinos  are  most  frequent  ia 
the  negro  race ;  but  it  does  not  seem  to  be  true  that  there  are  tribes  of  Albinos  in  any 
part  of  the  world. 

Albu'mkk.  From  the  Lat  atbut,  white.  A  chemical  term,  applied  to  an  immediate 
organic  principle,  which  constitutes  the  chief  part  of  the  white  of  egg.  Animal  and 
vegetable  albumen  are  nearly  the  same  in  composition. 

Al'dbbtdk.  a  substance  obtahied  by  depriving  alcohol  of  its  hydrogen.  The  name  if 
formed  by  taking  the  first  syllables  of  the  words  a^cohol-tfeAyt^rogenated. 

A'lga.    Lat    Sea-weed. 

A'loje.  Plural  of  alga.  Name  of  a  sub-class  of  crypt^gamous  plants,  which  is  subdivided 
into  three  families?  the  Phy'ceay  or  submerged  sea-weeds;  the  Liehentf  or  emerged  sea- 
weeds, and  the  Bytta'etat,  or  amphibious  sea- weeds.  The  algse  or  sea-weeds  are  igamons 
plants  which  live  in  the  air,  on  the  surface  or  at  the  bottom  of  fresh  or  salt  water;  they 
are  remarkable  for  their  cellular  or  filamentous  structure,  into  which  no  vessels  enter. 

Al'kalt.  a  class  of  chemical  bodies,  distinguished  chiefly  by  their  solubility  in  water, 
and  their  power  of  neutralising  acids,  so  as  to  form  saline  compounds.  The  alkalies  of 
manufacturing  importance  are  ammonia,  potash,  and  soda.  These  alkalies  change  the 
purple  colour  of  red  cabbage  and  radishes  to  a  green,  the  reddened  tincture  of  litmus  to 
a  purple,  and  the  colour  of  turmeric  and  many  other  yellow  dves,  to  a  brown.  Bven 
when  combined  with  carbonic  acid,  the  three  alkalies  exercise  this  discolouring  power, 
which  the  alkaline  earths,  lime,  baryta,  and  strontia,  do  not  The  same  three  alkalies 
have  an  acrid  taste,  and  combine  with  oils,  so  as  to  form  soap.  They  unite  with  water 
in  every  proportion,  and  also  with  alcohol.  Their  carbonates  are  also  soluble  in  water, 
and  they  are  thus  distinguished  fVom  the  alkaline  earths. 

AL'KALime.    Having  the  properties  of  an  alkalL 

Al'kaloids.  a  term  applied  in  chemistry  to  the  organic  alkalies  or  bases.  SertHraer 
was  the  first  discoverer  of  them,  having  recognized  in  opium  the  alkaloid  now  called 
morphia, 

Allo't.  This  term  formerly  signified  a  compound  of  gold  or  silver  with  some  metal  of 
inferior  value ;  but  it  now  means  any  compound  of  any  two  or  more  metals  whatever. 
Thus,  bronze  is  an  alloy  of  copper  and  tin ;  brass,  an  alloy  of  copper  and  zinc ;  and  type- 
metal,  an  alloy  of  lead  and  antimony.  AU  the  alloys  possess  metallic  lustre,  even  whea 
cut  or  broken  to  pieces ;  they  are  opaque ;  are  excellent  conductors  of  heat  and  electricity; 
are  fVequently  susceptible  of  crystallizing ;  and  are  more  or  less  ductile,  malleable,  elastic, 
and  sonorous.  An  alloy  which  consists  of  metjils  differently  fusible,  is  usually  malleable 
in  the  cold,  and  brittle  when  hot,  as  is  exemplified  with  brass  and  gong-metsl. 

Allu'via.    Lnt    Plural  of  alluvium. 

Allh'vial.    Of  the  nature  of  alluvium. 

Allu'vion,   >      From  the  Lat  alluo,  I  wash  upon.    Oravel,  sand,  mud,  and  other  trans- 

Allu'viuv,  J  ported  matter,  washed  down  by  rivers  and  floods  upon  lands  not  perma- 
nently submerged  beneath  water.  A  deposit  formed  of  matter  transported  by  currents 
of  water. 

A'l.oE.  Name  of  a  genus  of  plants  which  includes  very  many  species.  The  inspissated 
juice  of  several  of  these  species  constitutes  the  varieties  of  the  medicine  called  Socotriai;, 
Barbadoes  aloes,  Ac. 
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Alpi'va,     1 

Alpi'mus,    V     LaL    Alpine;  belonging  or  relating  to  the  Alpf. 

Alpi'kcm,  J 

ALu'MiKuir,  or  ALuui'Hiuir.  From  alu'mm,  alum.  The  metal  which  forms  the  basis  of 
alum ;  of  alamioa,  or  pure  argil. 

A'm ADOU.  The  French  name  of  the  spongy  combustible  substance  called  tpunk,  which  is 
prepared  from  a  species  of  agaric,  the  holettu  igniariw,  a  kind  of  mushroom,  which 
grows  on  the  trunks  of  old  oaks,  ashes,  beeches,  Ac 

Am al'qam.    An  alloy  in  which  one  of  the  constituent  metals  is  mercury. 

AxALOAM a'tion.  A  process  used  extensively  in  extracting  silver  and  gold  from  certain 
of  their  ores,  founded  on  the  property  which  mercury  has  of  dissolving  these  metals  as 
disseminated  in  the  minerals,  and  thus  of  separating  them  from  the  earthy  matters. 

Ajtaby'llis.  From  the  6r.  amaru$§o,  to  be  resplendent.  A  nymph,  in  ancient  mythology. 
Name  of  a  genus  of  plants,  forming  the  type  of  the  family  of  Amaryllideae,  composed  of 
about  sixty  species.  Generally  they  are  bulbous  plants,  remarkable  for  the  site  and 
beauty  of  their  flowers. 

Am'bbr.  a  fossil  resin,  found  chiefly  on  the  shores  of  the  Baltic,  and  at  Cape  ^ble  in 
Maryland.  It  is  highly  electrical,  the  term  "  electricity"  itself  being  derived  from  its 
name  in  Greek,  "electron.'' 

A'mxthtst.  From  the  Gr.  ametkvHo*,  not  drunk.  The  ancients  gave  this  name  to  a 
stone  in  which  the  wine-red  colour  was  tempered  with  violeL  A  violet  variety  of  hya- 
line quarts. 

Ahiak'thus.    a  filamentous  mineral,  called  also  Athttto^, 

Ammo'nia.  a  colourless  gas  of  a  peculiar,  pungent  odour.  It  causes  death  when  respired ; 
and  its  strong  alkaline  reaction  distinguishes  it  from  all  other  elastic  fluids.  It  is  libe- 
rated from  all  its  chemical  combinations  by  the  alkalies.  Spirits  of  hartshorn  is  a  solu- 
tion of  this  gas. 

Ammo'iciao.  a  ^m-resin,  the  inspissated  juice  of  an  umbelliferous  plant,  the  dorema  am- 
tnoniaewnf  which  nows  in  Persia. 

Amvoki'acal.    Of  we  nature  of  ammonia. 

Ax'MOsrrrE.  From  the  Lat  Ammcn,  a  name  of  Jupiter.  A  fossil  so  called  from  a  supposed 
resemblance  to  the  horns  engraven  on  the  heads  of  Jupiter  Ammon.  In  certain  parts 
of  England  called  tnake^tones.  Ammonites  are  fossil  sheUs,  rolled  upon  the  same  plane, 
consisting  of  a  series  of  separate  chambers,  like  the  nautilus. 

Amor'phous.  From  the  Gr.  a,  privative,  and  morphe,  form.  Without  definite  or  regular 
shape.  Said  of  minerals  and  other  substances  which  occur  in  forms  not  easy  to  be  defined. 

Ampbli'dba.  From  the  Gr.  nmpelo;  a  vine.  Name  of  the  family  of  Phanerogamous 
plants,  which  includes  the  vine. 

Am phi'bious.  From  the  Gr.  ampKihiot,  two-lived.  Having  the  fitoulty  of  living  in  two 
elements. 

A'mplituds.  In  astronomy,  denotes  the  angular  distance  of  a  celestial  body,  at  the  time 
it  rises  or  sets,  from  the  east  or  west  points  of  4he  horizon.  It  is  sometimes  used  to 
designate  the  horizontal  distance  a  projectile  reaches  when  thrown  from  a  gun. 

Amt'ris.  From  the  Gr.  amuro9,  not  perfumed.  A  genus  of  phanerogamous  plants,  which 
is  the  type  of  the  family  of  Amyri'dese,  which  is  allied  to  the  family  of  turpentines. 
Amy'ru  giUaeWMts.  The  Balm  of  Gilead.  Amy'rU  kataf.  The  myrrh-tree.  Amy'rit 
opoba'Uamum.    The  opobalsam,  or  balsam  of  Mecca. 

Aha'ltsis.  The  art  of  resolving  a  compound  substance  or  machine  into  its  constituent 
parts. 

Aha'nas.  Portngnese.  Pine-apple.  Genus  of  the  family  Bromeli&cesB,  and  type  of  the 
tribe  Anan&ceae. 

Andro'meda.  Mythological  name  of  a  constellation.  Genus  of  the  family  Eric&ceae,  and 
type  of  the  tribe  Andromldess  or  ^ndromedas. 

Amgb'uoa  abchbnqb'lica.  Garden  Angelica.  Roots  and  seeds  used  in  medicine  as  an 
aromatic  stimulant 

Aivoui'kus.    LaL    Of  the  nature  of  a  snake ;  belonging  or  relating  to  a  snake. 

A'KERoiD,  From  the  Gr.  a  or  an,  privative,  without,  and  red,  to  flow.  A  name  given  to 
a  kind  of  barometer  which  is  constructed  without  a  liquid  to  counterpoise  the  air.  The 
Aneroid  barometer  consists  of  a  cylinder  of  copper  with  a  very  thin  and  corrugated  end, 
partially  exhausted  of  air,  and  hermetically  sealed.  The  effect  of  Uie  varying  pressure 
of  the  atmosphere  on  the  thin  end  is  magnified  by  a  system  of  levers,  so  as  to  affect  the 
index  of  a  dial  like  that  of  a  watch  or  clock.  This  is  a  French  invention,  but  was 
patented  in  England,  in  the  year  1844.  See  Barometer. 
AimiA'LCUi/A.    I^    Plural  of  Animilculum. 

AJfiMA'LOULE.  A  diminutive  animal.  A  term  osed  to  designate  animals  so  small  that 
they  cannot  be  seen  by  the  unassisted  eye. 
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AHiMA'Lcm.inr.    Ltt.    Animalenlo. 

Anisa'tum.    Lai.    Belonging  or  relating  to  mniaeed.    Spedfle  namo  of  the  tree  wbidi 

produces  star-aniseed. 
An'hual.    From  the  Lat  anwiSf  a  year.    Yearly.    A  plant  whieh  liaes  firom  the  eeed, 

reaches  perfection,  and  perishes  within  a  year,  is  termed  an  annnaL 
Asta'bctica.    Lat    Antarotic 
A'NTHBn.    From  the  Gr.  antheriXf  a  flowery  herb.    In  botany,  the  eaeential  part  of  the 

stamen.    The  small  yellowish  body,  compared  to  a  diminatiye  leaf  folded  on  itself 

which  crowns  the  stamen,  and  in  which  the  pollen  is  formed. 
Antiquo'rum .    Lat.    Of  the  ancients. 

Ajmsa'PTics.    Substances  which  counteract  the  spontaneooe  deeompeeition  of  animal  and 
.     vegetable  substances.    These  are  chiefly  culinary  8alt»  nitre,  epiees,  and  SQg»r,  which 

operate  partly  by  inducing  a  change  in  the  animal  or  vegetable  fibree,  and  partly  by 

combining  with  and  rendering  the  constituents  nnsnsoepUble  of  decomposition. 
Apee'lior.    From  the  Gr.  apo,  ttom,  and  hiliot,  the  son.    That  point  of  a  planet**  oilMt 

most  distant  from  the  sun ;  opposed  to  perihelion. 
A'PHiDES.    Plural  of  aphis. 
A'PHis.    Gr.    A  plant-louse ;  a  vine-fretter. 
Apoot'nejb.    From  the  Gr.  apo,  far  from,  and  kuon,  dog.    Having  the  virtue  of  driving 

away  dogs ;  the  plant  which  klll«  dogs.    Botanionl  name  of  a  fiuoily  of  whioh  the  genus 

apo'cynum  is  the  type. 
A'PTBRYX.    From  the  Gr.  apteroe,  without  wings.    Name  of  a  genns  of  birde. 
A'qua  por'tis.     Strong  water.     Nitric  acid,  somewhat  dilute,  was  so  named  by  the 

alchemists,  on  account  of  its  strong  solvent  and  corrosive  operation  upon  many  mineral^ 

vegetable,  and  animal  substances. 
A'qua  rb'gia.   Royal  water.    The  name  given  by  the  alchemists  to  that  mixtore  of  nitric 
'  and  muriatic  acids  which  is  best  fitted  to  dissolve  gold,  styled  by  them  the  King  </  U« 

MeiaU,    It  is  now  called  Nitro-muriatio  acid, 
A'qubous  rocks.    Are  those  formed  by  deposits  from  water. 
A'quila.    Lat    An  eagle.    Aquila  albicilla.    The  fishing  eagle. 
Ar'butus.    Lat    A  shrub.    A  genus  of  plants. 
A'bea  op  BUBSiDBircB.    A  geological  expression,  need  to  designate  a  space  which  has 

settled. 
Aee'oa.    Cabbage-tree.    A  genns  of  plants  of  the  family  of  Palmss*  Are'ea  catechu.    The 

medicinal  or  ^tel-nut  palm. 
Aeeha'ceous.    From  the  Lat  are'na,  sand.    Sandy ;  of  the  natnre  of  sand. 
Arobu'teuv.    Lat    Silvery ;  relating  to  silver. 

Aroenti'perous.    From  the  Lat  argentum,  silver,  and /?ro,  I  bear.    Containing  silver. 
Arqilla'obous.    From  the  Lat  argillo,  clay  or  arglL    Of  the  nature  of  clay. 
Ar'ool.     Crude  tartar. 
Aroonau'ta.    Lat    From  the  Gr.  argo,  name  of  a  vessel,  and  notcles,  a  navigator.    Name 

of  a  genns  of  cephalo'podons  mollusks. 
Areadi'llo.  Spanish.   Diminutive  of  armado,  armed.    Name  of  a  mammal  of  the  iamily 

of  edent4ta  or  edentates. 
Aboea'ticos.    Lat    Aromatic;  spicy. 
Ar'rack.    a  kind  of  intoxicating  beverage  made  in  India,  by  distilling  the  lennented 

juice  of  the  cocoa-nut,  the  palmyra-tree,  and  rioe  in  the  husk. 
Ar'row-root.    a  species  of  starch  obtained  from  the  maranta  anmdimacea,  a  plant  whidi 

grows  in  the  West  Indies. 
Ar'sbnio.    a  metal  of  a  shining,  steel-gray  colour.    Heated  in  contaot  with  atmoepheiio 

air,  it  rapidly  absorbs  oxygen,  and  forms  anenioue  acid,  which  is  the  poison  commonly 

called  arsenic,  or  rafe-hane.    Arsenic  is  found  in  its  metallic  state,  in  the  form  of  oxide 

or  arsenioufl  acid,  or  white  arsenic  ,*  and,  oombined  with  sulphur,  forming  orpiment  and 

realgar. 
AtiTB'aiAE.    From  Artoie,  name  of  a  province  of  France  where  especial  attention  has  been 

given  to  a  means  of  obtaining  water,  which  oonsiBts  in  boring  vertical  perforatione  of 

small  diameter  in  the  exterior  crust  df  the  earth,  frequently  of  great  depth.    These  are 

termed  Artesian  wells. 
Articula'ta.    Lat    From  articidue,  a  joint  or  articulation.    Aztionlated;  having  joints 

or  articulations. 
Asclb'pias.    a  name  of  Eseulapios.     A  genus  of  phanerdgamons  plants.    Aeele'fna^ 

giganu'a,    Mudar  of  the  Hindoos.    The  milky  juice  is  very  caustic;  the  bark  of  the 

root  as  well  as  the  juice  are  used  in  medicine  by  the  Asiatics. 
A'SPHALT,       )      From  the  Gr.  a,  privative,  and  ephalto,  I  slip,  or  atphaUoef  bitnmen. 
Aspha'ltcte,  )  Used  anciently  as  a  cement    A  black,  brittle  bitumen,  found  on  the  sur- 

iaoe  and  banks  of  the  Dead  Sea,  hence  called  the  Aspbaltic  lake. 
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A^PHTx'iA.    From  the  Gr.  a,  privative,-  tnd  •phuxts,  polte.    Without  pulse.    Seeming 

death  from  saspended  respiration,  from  any  canse,  such  at  drowning,  strangnlation,  or 

fiuffocation. 
Assay'.    The  proeess  l^  which  the  quality  of  gold  and  silver  boUion,  eoin,  plate,  or  trin- 

kcU,  is  ascertained  with  precision. 
Assi'milatb.    From  the  Lat  cul  and  nmilare,  to  render  similar.    Assimilation  is  the  act 

bj  which  living  bodies  appropriate  and  transform  into  their  own  snbstance,  matters  with 

which  they  may  be  placed  in  contact.     In  man,  assimilation  is  a  fonction  of  nutrition. 
Asple'nifo'lia.     Compound  of  atplenium,  a  genus  of  ferns,  and  folia,  leaves.    Having 

leaves  resembling  those  of  the  aspl^nium. 
A'STER.    From  the  Gr.  atter,  a  star.    A  name  given  to  the  plant  by  the  Greeks,  in  allu- 
sion to  the  radiate  form  of  the  flowers.    Name  of  a  genus  of  plsjits  which  forms  the  type 

of  Uie  oMteroideM  or  asters  —  literally,  ttar-Jlowert. 
Astra'oali.    Lat.     Plural  of  Astragalus. 
Astra'galus.    Lat    Name  of  a  genus  of  phanerogamous  plants  of  the  fiunily  of  leguml* 

ndsffi.    Also,  a  bone  of  the  heeL 
A'toll.   a  chaplet  or  ring  of  coral,  enclosing  a  lagoon  or  portion  of  the  ocean  in  its  centre. 
Ato'mic  wkights,  or  A'toms.    The  primal  quantities  in  which  the  different  objects  of 

chemistry,  simple  or  compound,  combine  with  each  other,  referred  to  a  common  body, 

taken  as  unity.    Oxygen  is  assumed  by  some  chemists,  and  hydrogen  by  others,  as  the 

standard  of  comparison. 
Auche'mia.    From  the  Gr.  auehemotf  belonging  to  the  head  or  neck.    Lat.    Name  of  a 

genus  of  mammals,  the  Llama.    Also,  a  genus  of  ooledpterous  insects. 
AuRi'ciTLA.    Lat    Little  ear.    A  genus  of  phanerogamous  plants  of  the  family  of  Pri- 

muldcesB. 
AuRi'PBROUB.    From  the  Lat  aurum,  gold,  and /ero,  I  bear.    Gold-bearing;  containing 

gold. 
Au'rochs.    An  alteration  of  the  German  Aueroch;  wild-bulL    Their  race  is  now  almost 

extinct ;  a  few  individuals  are  found  in  the  forests  of  Lithuania,  Ac 
Au'rdm  Musi'vum.    Mosaic  gold.    The  bisulphuret  of  tin. 

"^li^t/^f-    1     I'**-    Belonging  or  relating  to  the  south. 

AUSTKA  USa    y 

Azb'darach.    From  the  Arab.    Axadaracht,  a  name  given  by  Avicenna  to  a  plant 
A'zoTE.  )      From  the  Gr.  a,  privative,  and  io'onf  life.    The  name  given  by  chemists 

Azo'tic  gas.  J  to  a  gas,  now  also  called  nitrogen,  which  will  support  neither  respiration 
nor  combustion.  It  constitutes  seventy-nine  per  cent  of  the  atmosphere,  and  enters 
into  the  composition  of  all  animal  matter,  except  fatty  substances,  and  into  a  certain 
number  of  proximate  vegetable  principles. 
A'zoTizcD.  Said  of  certain  vegetable  substances,  which,  as  containing  nitrogen,  were  sup- 
posed, at  one  time,  to  partake  in  some  measure  of  the  animal  nature ;  most  animal  bodies 
being  characterized  by  the  presence  of  much  nitrogen  in  their  composition.  The  vege- 
table products,  indigo,  caffein,  gluten,  and  many  others,  contain  abundance  of  azote. 

BACci'FisRinr.  Lat  Compound  of  hacca,  a  berry,  and  fero,  I  bear.  Berry -bearing. 
Specific  name  of  a  plant 

Balance  of  torsion,  or  Torsion  balance.  A  machine,  invented  by  Coulomb,  for  mea- 
suring the  intensities  of  electric  or  magnetic  forces,  by  establishing  an  equilibrium 
between  them  and  the  force  of  torsion. 

BAL^e'NA.  Lat  A  whale.  Name  of  a  genus  of  mammals,  belonging  to  the  order  Cetdcea. 
Bala'na  tnyttece'tm.  The  common  whale.  BaUt'na  gibbo'ta.  A  kind  of  whale  which 
has  five  or  six  protuberances  on  its  back. 

Balsams.  Native  compounds  of  ethereal  or  essential  oils,  with  resin,  and  frequently 
benzoic  acid.  Most  of  them  have  the  consistence  of  honey ;  but  a  few  arc  solid,  or 
become  so  by  keeping.  They  flow  either  spontaneongly,  or  by  incisions  made,  from 
trees  and  shrubs  in  tropical  climates.  They  possess  peculiar  powerful  smells,  nromatio 
hot  tastes,  but  lose  their  odoriferous  properties  by  long  exposure  to  the  air.  They  are 
insoluble  in  water;  soluble,  to  a  considerable  degree,  in  ether,  and  completely  in  alcohol. 
When  distilled  with  water,  ethereal  oil  comes  over,  and  resin  remains  in  the  retort 

We  distinguish  the  BaUann  with  benzoic  acid,  or  the  Balsams  proper,  and  the  Bahamt 
without  benzoic  acid. 

Of  the  balsams  proper,  there  are  only  five :  —  the  balsam  of  Peru,  of  Tolu,  Benzoin, 
9olid  Styrax,  and  liquid  Styrax.  Among  the  balsams  without  benzoic  acid  may  be 
mentioned  the  CopMva  and  Mecca  balsams. 

Ba'rtlla.  A  crude  soda,  procured  by  the  incineration  of  the  aaUola  «orfflr,  a  sea-shore 
plant,  cnltivated  for  this  purpose  in  Spain,  Sicily,  Sardinia,  Ac    Good  barilla  usually 
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eontaint  twenty  por  eent  of  real  alkali,  associated  with  mnrlAtes  and  inlpbatef,  elrief y 
of  soda,  some  lime,  and  alumina,  with  rery  little  sulphur.  The  quantity  of  barilla  im- 
ported into  England,  in  1851,  was  45,740  cwts. 

Ba'rium.    Prom  the  Qr.  harv9,  heavy.     A  metal  obtained  from  bary'ta,  by  Sir  H.  Dary. 

Bark.  The  outer  rind  of  plants.  Many  Tarieties  of  bark  are  known  to  commerce,  bat 
the  term  Is  commonly  used  to  express  either  Peruvian  bark,  a  most  valuable  pbarmaoeQ- 
tical  remedy,  or  Oak  bark,  which  is  very  extensively  used  by  tanners  and  dyers. 

Baro'veter.  From  the  Or.  baroa,  weij^ht,  and  meirot},  a  measare.  An  instrument  fiir 
measuring  the  weight  of  atmospherical  air. 

?l!!o""'™.cAt.  }     BeloDging  or  relating  to  the  Urometer. 

Bary'ta,  or  Bart'tes.  One  of  the  simple  earths.  The  earth  and  its  soluble  salts  are  all 
highly  poisonous.  The  antidote  is  any  soluble  sulphate,  as  the  sulphate  of  soda  (Glau- 
ber's salt),  or  the  sulphate  of  magnesia  (Epsom  salts). 

Basa'lt.  An  Ethiopian  word.  A  black  or  bluish-gray  rock,  harder  than  glass,  veiy 
tenacious,  and  consequently  difficult  to  break;  it  is  homogeneous  in  appearance, 
although  eesentially  composed  of  pyroxene  and  feldspar,  with  a  large  proportion  of 
oxide  of  iron  or  titanium.  Basalt  is  considered  by  all  geologists  to  be  a  product  c^ 
igneous  formation. 

Basa'ltic.    Belonging  or  relating  to  basalt 

Bas'sorin.  a  oonstituent  of  a  species  of  gum  which  comes  from  Bassora,  as  also  of  gum- 
tragacanth,  and  of  some  gum-resins.  It  is  semi-transparent,  difficult  to  pulveriie, 
swells  considerably  in  cold  or  boiling  water,  and  forms  a  thick  mucilage,  without  dis- 
solving. 

Batrac'hiait.  From  the  Or.  ba'trachotf  a  frog.  The  name  given  by  natoralists  to  those 
reptiles  which  resemble  frogs  in  their  organization.  Batrachians  form  the  fourth  order 
in  the  class  of  Reptiles. 

Bdel'livv.  a  gum-resin,  produced  by  an  unknown  plant,  which  grows  in  Persia  and 
Arabia. 

Bbbr.  The  fermented  infusion  of  malted  barley,  flavoured  with  hops,  constitutes  the  best 
species  of  beer;  but  there  are  many  beverages  of  inferior  quality  to  which  this  name  it 
given,  such  as  spruce-beer,  ginger-beer,  molasses-beer,  Ac. ;  all  of  which  consist  of  a 
saccharine  liquor,  partially  advanced .  into  the  vinous  fermentation,  and  flavoured  with 
peculiar  substances. 

Bk'lem5ITB8.  From  the  Or.  Mem'non,  a  dart  A  genus  of  dibranchiate  cephalopods,  the 
shells  of  which  are  chambered  and  perforated  by  a  siphon,  but  internal.  They  are  lon^ 
straight,  and  conical ;  and  commonly  called  "  thunder-stones." 

Bbn'jamiv.     See  BE2fzoiN. 

Bekzoin',  or  BBM'jAHnr.    A  species  of  resin,  used  chiefly  in  perfumery.    It  is  extracted 
by  incision,  from  the  trunk  and  branches  of  the  ttyrax  benzoin,  which  grows  in  Java, 
I       Sumatra,  Santa  F4,  and  in  the  kingdom  of  Siam.     Benzoic  acid  is  obtained  from  it  by 
sublimation. 

Bbr'tl.  a  mineral,  allied  to  the  emerald.  It  is  transparent,  of  a  pale  green  ooloor,  and 
in  Brazil  it  is  sometimes  sold  under  the  name  of  emerald. 

Bb'tel.     The  leaf  of  the  betel  or  Siriboa  pepper. 

Bb'tula.     Lat.     Birch.     Name  of  a  genus  of  plants.    Be'tulanana,    Dwarf  birch. 

Bb'zoar.  The  name  of  certain  concretions,  found  in  the  stomachs  of  animals,  to  wU^ 
many  fanciful  virtues  were  formerly  ascribed. 

Bifurca'tion.  From  bu,  twice,  and  /urcQf  a  fork.  The  division  of  a  trunk  into  two 
branches;  as,  the  bifurcation  of  the  trachea,  of  the  aorta,  Ac. 

Bigno'nia.  a  genus  of  plants,  named  in  honour  of  the  Abb6  Bignon,  the  Librarian  of 
Louis  XIV. 

Bis'muth.    From  the  Germ.  Wismuth,    A  brittle,  yellowish-white  metal. 

Bitu'men.    a  combustible  mineral,  composed  of  carbon,  hydrogen,  and  oxygen. 

Bi'xA  Orlea'na.     a  plant  which  produces  a  colouring  matter,  called  annoUo, 

Bleach'ino.  The  process  by  which  the  textile  filaments,  cotton,  flax,  hemp,  wool,  sflk, 
and  the  cloths  made  of  them,  as  well  as  various  vegetable  and  animal  substances,  are 
deprived  of  their  natural  colour,  and  rendered  nearly  or  altogether  white.  The  tens 
bleachiug  comes  from  the  French  verb,  blanchir,  to  whiten.  The  word  bianch,  which  has 
the  same  origin,  is  applied  to  the  whitening  of  living  plants,  by  making  them  grow  in 
the  dark,  as  when  the  stems  of  celery  are  covered  over  with  mould. 

Blue  Vi'triol.     Sulphate  of  copper. 

Bo'a.     Name  of  a  genus  of  non-venomous  reptiles. 

Bobe'a.     Specific  name  of  a  tea-plant 

Bom'bax.  From  bombux,  one  of  the  Greek  names  of  cotton.  A  genus  of  plants  of  the 
family  MalvficesB.  Bombax  hentaphyllnm.  A  kind  of  cotton-tree.  Bombax  ctiba,  Tlw 
ootton-wood  tree,  much  valued  for  making  canoes. 
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Bomi-VLACK,  or  Amimdl  ehxreoal,  as  it  is  1«S8  eorreoUy  oaUedi  is  the  blaiok  ewbonaeeoos 
sabstanoe  iato  which  bones  are  oonrerted  by  oaloination  in  dose  vessels. 

Bora'cic  acid.    An  acid  obtained  from  borax,  consisting  of  boron  and  oxygen. 

BoRA'saus.  From  the  Gr.  bora»9o§,  a  date.  A  genus  of  the  family  of  Pidms.  Borauut 
finheUif6rm\9.     The  fan-leaved  palm. 

Bo'rate.  The  salt  resnlting  from  a  combination  of  boraeio  aoid  and  a  salifiable  base,  as 
the  borate  of  soda. 

Bo'rax.    TinkaL    A  natnral  compound  of  soda  and  boraeio  acid. 

Bo'ron.    a  simple  or  nndecomposable  sabstanoe,  the  basis  of  boraeio  add  and  borax. 

Bos.  Lat  An  ox.  A  genus  of  ruminating  mammals,  embracing  several  species.  Bo* 
HruB.  The  Urns.  B09  eaffer.  Cape  buffalo.  Bo»  buba'lo9.  Common  buffalo.  Bos 
America'mu,    The  Bison.    B09  motcha'tut.    The  Mask  Ox.    Boi  gru'niem.    The  Yak. 

BoTA^mc.     Belonging  or  relating  to  botany. 

Bo'taxt.  From  the  Gr.  botnne.  The  branch  of  natoral  history  which  embraces  the 
knowledge  and  study  of  plants. 

BofTL'DRRs,  or  Bowl'dbrs.  Rounded  masses  of  stone  lying  npon  the  surface,  or  loosely 
imbedded  in  the  soiL 

Boulder  formation,  or  Erratic  block  formation.  A  geological  term  applied  to  a  part  of 
the  diluvial  drift 

Brac'hial.    From  braehiuntf  the  arm.    Belonging  to  the  arm. 

BrtA&TEM,    Lat    Bracts.    Floral  leaves,  different  in  ooloar  from  other  leaves. 

Bra'mchia.    Lat    A  gill. 

Bra'nchtjs.  Lat  From  the  Gr.  brageho$,  the  throat  The  gills  of  fishes.  They  are 
the  breathing  organs  of  fishes ;  they  differ  from  lungs  both  in  their  form  and  structore. 

Bra'5DT.    The  name  given  to  ardent  spirits  distilled  from  wine. 

Brask.    An  alloy  of  copper  and  zinc 

Bras'sica.    Lat     Cabbage. 

Brec'cia.  Italian.  A  rook,  composed  of  an  agglutination  of  Angular  fragments.  When 
the  fragments  are  rolled  pebbles,  it  constitutes  a  conglomerate  rock,  called  pudding- 
stone. 

Brut'stoxe.    Roll  sulphur. 

BRo'MnvR.    One  of  the  chemical  elements.     It  derives  its  name  from  its  nauseous  smell. 

Brox'chta.  From  the  Gr.  brogchoSf  the  throat  The  Romans  used  the  term  bronchtu  for 
the  whole  of  the  trachea;  whilst  they  called  its  ramifications  bronchia,  BronchiUf 
bronchicB,  and  bronehij  now  mean  the  two  tubes,  with  their  ramifications,  which  arise 
from  the  bifurcation  of  the  trachea. 

Bron'osial.    Relating  to  the  bronchia. 

Bronze.  An  alloy  of  copper  and  tin,  to  which  sometimes  a  little  lino  and  lead  are  added. 
It  is  much  harder  than  copper,  and  was  employed  by  the  ancients  to  make  swords, 
hatchets,  Ac,  before  the  method  of  working  iron  was  generally  understood. 

Bu'bo.  Lat  An  owL  A  specific  as  well  as  generic  name.  Bubo  maximw,  A  kind 
of  owl. 

Bu'fo.    Lat    A  toad.    Bu/o  Agua.    A  Brasilian  toad. 

Bub's  A.    Lat    A  sack,  a  parse,  or  pouch. 

Cac'tt.    Lat    Plural  of  cactus. 

Cac'tds.  From  the  Gr.  haktony  spiny  plant.  Name  of  a  genus  of  the  family  of  CacticesB. 
Cactus  eoeeiHc' infer.    The  cochineal  cactus.     Oactus  opu'ntia,    Indian  fig. 

Cach'alot,  or  Cach'blot.  Fr.  Name  of  the  spermaceti  whale.  Used  to  designate  a 
variety  of  the  order  of  Cetaceans,  which  has  teeth  in  both  jaws. 

Cad'mium.  a  white  metal,  much  like  tin.  Its  ores  are  associated  with  those  of  lino. 
Discovered  in  1818. 

CADr'cous.  From  the  Lat  cado,  I  fall.  In  Botany,  when  a  part  is  temporary,  and  soon 
disappears  or  falls  off,  it  is  said  to  be  caducous. 

Ca'prine.    Fr.    In  chemistry,  the  name  of  the  proximate  piindple  of  coffee. 

Ca'jeput,     >     A  Malay  name  for  a  greenish,  volatile  oil,  used  as  a  remedy  in  rheu^ 

Ca-iepu'ta.  jmatism,  Ac. 

Ca'lamine.    a  native  carbonate  of  tine.    Electric  calamine  is  the  native  silicate  of  «inc. 

Calcina'tiox.  The  act  of  submitting  to  a  strong  heat  any  infusible  mineral  substance, 
which  we  are  desirous  of  depriving  either  of  its  water,  or  of  any  other  volatilizable  sub- 
stance that  enters  into  its  composition;  or  which  we  wish  to  combine  with  oxygen. 
Alnm  is  calcined  to  get  rid  of  its  water  of  crystallization ;  chalk,  to  reduce  it  to  the  state 
of  pure  lime,  by  driving  off  the  carbonic  add ;  and  certain  metals,  as  mercury,  to  oxidize 
them. 

Cal'ctuit.  From  the  Lat  calx,  calcis,  lime.  A  metal  discovered  by  Sir  H.  Davy,  in  1807, 
which,  nnited  with  oxygen,  forms  oxide  of  caldum  or  lime. 
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Gal'culus.    The  stony-looking  morbid  concretion,  ooeasionftlly  found  in  tht  Maddflr  of 

urine,  gall-bladder,  cystic  duct,  kidneys,  and  other  parts  of  living  animalfl. 
Ca'lomkl.    The  mild  or  sub-chloride  of  mercury. 
Calo'ric.    From  the  Lot  ealeOf  I  am  warm.    The  term  nsed  by  cbemUls  to  designata 

tlie  matter  of  heat, 
Calori'pic.    Belonging  or  relating  to  caloric. 
Cam'brian  system.     From  Cambria,  in  Wales.   A  name  given  by  geologists  to  the  lowest 

sedimentary  rooks,  characterized  by  fossil  remains  of  animals  lowest  in  tlie  seale  of 

organization,  such  as  corallines,  Ac.    It  is  also  called  the  Schistose  system,  on  account 

of  its  slaty  nature. 
Campa'nula.     From  the  Lat  campana,  a  bell,  from  the  shape  of  its  coroUa.     A  genu  of 

phanerogamous  plants  of  the  family  of  Campanul&ceae,  of  which  it  is  the  type.     182  spe- 
cies are  described. 
Camphoro'sua.    From  the  Lat  cam'phora,  camphor,  and  the  Gr.  otme,  odour.    A  genus 

of  plants  of  the  family  of  Chenopoddceee. 
Cau'phora.     Lat     Camphor.     Belonging  or  relating  to  camphor. 
Canarib'hsis.     Lat    Belonging  or  relating  to  the  Canary  Islands. 
Candbla'bruk.     Lat.     A  candlestick. 
Ca'nine.    From  the  Lat  cant*,  a  do^.    Teeth  which  resemble  those  of  a  dog  are  so  caDed; 

the  canine  teeth  of  the  upper  jaw  m  man  are  commonly  called  the  eye-teeth. 
Caou'tchouc.     Gum-elastic ;  India-rubber,  a  substance  obtained  from  the  Jatn/pka  ela'»- 

ticaj  the  Fi'cH9  iti'dica,  and  the  Urce'ola  ela*»t\ca. 
Cape'nsis.     Lat     Belonging  or  relating  to  the  Cape  of  Good  Hope. 
Ca'pillarv.     From  capillusf  a  hair.     Hair-like ;  small. 
Ca'rat.    A  weight  used  by  goldsmiths  and  jewellers. 
Car'bon.    From  the  Lat.  carbo,  charcoal.    A  chemical  element,  or  nndeoomposed  body. 

The  diamond  is  pure  carbon.     It  is  the  basis  of  anthracite,  and  of  all  the  varieties  of 

mineral  coal,  and  is  one  -of  the  principal  constituents  of  all  organic  bodies. 
Car'bonatb.     Any  compound  of  carbonic  acid  and  a  salifiable  base,  as  carbonate  of  liwtef 

carbonate  of  eoda.    The  carbonates  principally  used  in  the  arts  and  manufactores  are, 

those  of  ammoniaf  copper,  iron,  leadf  limey  mayuesiOf  potaehf  and  »oda,    Nattve  carbonate 

of  copper  is  the  beautiful  green  mineral  called  Malachite. 
Carbo'nic  acid,    a  compound  of  carbon  and  oxygen. 
Carboni'ferous.    From  the  Lat  carbo,  coal,  and /ero,  I  bear.    Coal -bearing ;  containing 

carbon.    In  geology,  the  term  is  applied  to  those  strata  which  contain  coal,  and  to  the 

period  when  the  coal  measures  were  formed. 
Cau'bukcle.    a  gem,  highly  prized  by  the  ancients;  most  probably  a  variety  of  the  noble 

garnet  of  modern  mineralogists. 
Carburbt'ted  ny'DROORK.    A  compound  of  carbon  and  hydrogen.    Such  compounds  are 

called,  more  briefly,  carbo-hydrogens,  and  are  numerous.     The  more  important  are,  oil- 
gas,  coal-gas,  olefiant-gas,  marsh-gas,  oil  of  lemon,  oil  of  turpentine,  petroleam,  naphths^ 

naphthaline,  oil  of  wine,  caoutchoucine,  and  caoutchouc. 
Car'diac.    Relating  to  the  heart  or  the  upper  orifice  of  the  stomach. 
Carni'vora.    From  the  Lat  caro,  camie,  flesh,  and  voro,  I  eat    Name  of  a  flunilj  of 

Mammals. 
Cartila'ginous  fishes,    a  term  used  to  designate  that  division  of  the  class  of  fishes 

which  includes  only  those  having  cartilaginous  instead  of  bony  skeletons. 
Caryophy'llus.    Lat   A  garden-pink.   A  genus  of  plants  of  the  family  of  Caxyophy^les. 

Caryophy'lln*  aroma^ticut.     The  olive-tree. 
Ca'spia.     Lat     Belonging  or  relating  to  the  Caspian  Sea. 
Cas'sava.     Starch  prepared  from  the  root  of  the  manioc  {Jatropha  Manihot),     The  tree 

belongs  to  the  natural  family  of  the  Euphorbia' cect. 
Cas'sia.    From  the  Gr.  koBna,  cinnamon.    A  genus  of  plants  of  the  fiunily  of  PapUio- 

ndccffi.     The  genus  contains  more  than  300  species. 
Cata'lpa.    a  genus  of  plants  of  the  family  of  Bignoni^ceae. 
Cat'echu.    An  astringent  extract,  used  in  medicine.    It  is  made  from  the  wood  of  the 

3fino»a  Catechu,  which  grows  in  Bombay,  Bengal,  and  other  parts  of  Indiiu 
Cat's-eye.     A  beautiful  silicious  mineral,  penetrated  by  fibres  of  asbestos,  whicb,  wlien 

polished,  reflects  an  ofi*alge.nt  pearly  light,  much  resembling  the  mutable  refleetionf 

from  the  eye  of  a  cat 
Cat'odt.    The  name,  absurdly  enough,  given  to  the  cords  made  of  the  twisted  intestinet 

of  sheep.    It  is  used  for  strings  of  violins  and  other  instruments. 
Caub'tic.    Any  chemical  substance  corrosive  of  the  skin  and  flesh ;  as,  potaeh,  called 

common  caustic,  and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 
Ca'viar.  I      The  salted  roe  of  certain  species  of  fish,  especially  the  stnrgeon. 

Caviare'  (ka-vee'r).  J  This  product  forms  a  considerable  article  of  trade,  being  exported 
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■  mnmatHy  from  the  town  of  Astrftcan  ftlone,  upon  the  shorei  of  the  Caspian  Sea,  to  the 
amount  of  several  hundred  tons.  The  Italians  first  introduced  it  into  Eastern  Europe, 
from  Constantinople,  under  the  name  of  Caviale, 

Oawk.     The  English  miner's  name  for  sulphate  of  baryta,  or  heavj  spar. 

Cbi'ba.     Synonym  of  Jiombax,  cotton.     Specific  name  of  a  kind  of  cotton. 

Cel'estins.  Native  sulphate  of  strontia,  found  abundantly  near  Bristol  in  England,  in 
the  red  marl  formation.  It  is  used  to  prepare  the  nitrate  of  strontia,  which  is  employed, 
in  theatrical  fireworks,  for  the  production  of  the  red  light 

Cementa'tion.  a  chemical  process,  which  consists  in  imbedding  a  solid  body  in  a  pul- 
verulent matter,  and  exposing  both  to  ignition  in  an  earthen  or  metallic  case.  In  this 
way,  iron  is  cemented  with  charcoal,  to  form  steel,  and  bottle-glass  with  gypsum-powder, 
or  sand,  to  form  Reaumur's  porcelain. 

Ckm'brts.  Substances  capable  of  taking  the  liquid  form,  and  of  being  in  that  state  applied 
between  the  sur&ces  of  two  bodies,  so  as  to  unite  them  by  solidifying.  They  may  be 
divided  into  two  classes :  those  which  are  applied  through  the  agency  of  a  liquid  men- 
stmum,  such  as  water,  alcohol,  oil ;  and  those  which  are  applied  by  fusion  with  heat. 

Ckn'tioradb.  From  etntum,  a  hundred,  and  graduif  a  degree.  Consisting  of  a  hundred 
degrees,  as  the  centigrade  thermometer,  which  has  the  distance  between  the  freezing  and 
boiling  points  of  water  divided  into  100  degrees. 

CERATi'TBg.    From  the  Gr.  keratUe;  homed.    A  generic  name  of  certain  insects. 

Cbbato'deb.     From  the  Gr.  keratodee,  formed  of  horns.    A  genus  of  moUusks. 

Cer'eal.  From  the  Lat  ceret,  com.  Applied  to  grasses  which  produce  the  bread-corns ; 
as  wheat,  rye,  barley,  oats,  rice,  Ac. 

Cbrba'lia.    Lat    Name  of  a  tribe  of  grasses. 

Cb'rium.  Named  after  the  planet  Ceres.  A  white,  brittle  metal,  discovered  in  1803,  by 
Hisinger  and  Berzelius. 

Cb'rvsb.     a  name  of  the  carbonate  of  lead,  which  is  now  commonly  called  White  Lead, 

Cbr'vcs.     Lat    A  stag.    A  genus  of  mammals. 

Cbta'cea.  From  the  Gr.  keto§f  a  whale.  A  genus  of  pisciform  mammals  that  have  fins 
in  place  of  feet,  and  inhabit  the  sea.    Name  of  an  order  of  aquatic  mammals. 

Chalk.  Earthy  carbonate  of  lime.  French  chalk  is  «f«att«e,  or  soap-stone ;  a  soft  mag- 
nesian  mineral.  Jied  chalk  is  a  clay  coloured  with  the  peroxide  of  iron,  of  which  it 
contains  about  17  per  cent 

Chaltb'batb.  From  chalyb;  steel.  The  name  given  in  medicine  to  the  preparations  of 
iron.     Chalybeate  tcatert  are  waters  which  contain  iron  in  solution. 

Chambered  shells.  A  term  used  to  designate  those  shells  of  mollusks  which  are  divided 
interaally  into  eellf  or  chambers  by  partitions. 

Char'coal.     The  fixed  residuum  of  vegetables  exposed  to  i^ition  ont  of  oontaet  of  air. 

Cbbiro'ptbba.  From  the  Gr.  eheir,  hand,  and  pteron,  a  wing ;  signifying  the  hand  has 
become  a  wing.    Name  of  a  family  of  mammals,  including  the  bats. 

Chblo'jiian.    From  the  Gr.  chehne,  a  tortoise.    Applied  to  reptiles  resembling  tortoises. 

Obi'li  baltpe'trb.    Nitrate  of  soda. 

Chi'na  ink.  a  pigment  made,  according  to  a  description  in  a  Japanese  book,  from  the 
condensed  smoke  or  soot  of  burned  camphor ;  and  hence,  when  of  the  best  quality,  it  has 
this  odour.  Most  of  the  China  ink  is  made  from  oil-lampblack  occasionally  disguised 
as  ta  smell,  with  musk,  or  with  a  little  camphor-black. 

Chlo'ratb.  Any  compound  of  chloric  acid,  with  a  salifiable  base.  The  only  important 
chlorate  is  that  of  potash,  which  has  become  the  object  of  a  pretty  extensive  manufac- 
ture, in  consequence  of  its  application  to  make  matches  for  procuring  instantaneous 
light,  and  a  detonating  powder  for  fire-arms  and  blasting. 

Chi^'RTVB.  One  of  the  most  energetic  of  the  chemical  elements,  discovered  in  1774,  by 
Scheele.  It  is  used  extensively  as  a  bleaching  agent,*  and,  as  such,  requires  to  be  tem- 
pered by  the  quiescent  affinity  of  some  alkaline  base,  as  potash  or  lime.  Its  leading 
affinity  is  for  hydrogen.  Malaria,  or  morbific  and  putrescent  miasmata,  consist  chiefly 
of  hydrogenous  matter  as  their  basis,  and  are  best  counteracted  by  chlorine,  where  it 
can  conveniently  bo  applied.  The  chlorides  of  soda  and  lime  are  the  forms  in  which  it 
is  generally  used. 

Obi^Ri'tic.  From  the  Gr.  ehhroe,  green.  Belonging  or  relating  to  chlorite,  an  earthy 
mineral  found  in  the  cavities  of  slate-rooks. 

Choc'olatb.  An  alimentary  preparation  of  very  ancient  use  in  Mexico,  from  which 
country  it  was  introduced  into  Europe  by  the  Spaniards,  in  the  year  1520,  and  by  them 
long  kept  a  secret  from  the  rest  of  the  world.  Linnaeus  was  so  fond  of  it,  that  he  gave 
the  specific  name,  theobro'ma,  "  food  of  the  gods,"  to  the  cacao-tree  which  produced  it 

Chrome,  CBRO'Miiiir.  From  the  Gr.  chroma,  colour.  A  whitish,  brittle  metal,  discovered 
by  Vauqnelin  in  1797.    In  union  with  oxygen  it  forms  chromic  acid. 


CiN'vABAit.    The  naMve  red  stilphnret  of  mereiiryi  mid  b  the  mait  proUfid  cm  of  tM 

metal.     Vtrmilion  is  an  artifidal  cinnabar. 
Ci'RBl.     Plaral  of  eirrut, 
Ci'rro-cu'mulus.    a  sondercload ;  a  kind  of  cloud.    The  cirro-conmlu  k  intennediBto 

between  the  cirrus  and  comnlus,  and  is  oomposed  of  small  well-defined  masses,  dose^ 

arranged. 
Oi'rro-stra'tits.    a  waneclond.    The  oirro-stratns,  Intermediate  between  the  eirmt  and 

stratus,  consists  of  horizontal  masses  separated  into  gronps,  with  whidi  the  skj  is  aoiBe- 

time  so  mottled  as  to  suggest  the  idea  of  resemblance  to  the  back  of  a  ma^erel. 
Oi'rrvs.    Lat    A  tendril.    A  kind  of  cloud.    Applied  to  oerti^n  appendages  of  •»*i«»^i« ; 

as  the  beard  from  the  end  and  sides  of  the  month  of  certain  fishes.    The  drnis  doad 

consists  of  fibres  or  curling  streaks  which  diverge  in  all  direotioni.    It  ecenpies  the 

highest  region,  and  is  frequentlj  the  first  dead  which  is  seen  after  a  continiiaaee  of 

clear  weather. 
Clat.    a  mixture  of  the  two  simple  earths,  alumina  and  silica,  generallj  tinged  with 

iron.    Lime,  magnesia,  with  some  other  oolouring  metallic  oxides,  are  oeemaiotiallj 

present  in  small  quantities  in  certain  natural  days.   Fine  porodain-daj  is  called  ka'oHmf 

and  consists  of  nearly  equal  parts  of  alumina  and  silica,  bdng  derived  from  the  disn- 

tegration  of  the  mineral  felspar. 
Clay-slate.    A  rock  which  resembles  clay  or  shale,  but  is  generally  distingnidied  by  ita 

structure ;  the  particles  having  been  re-arranged,  and  exhibiting  what  is  eaUad  wimty 

cleavage.    It  is  one  of  the  metamorphic  rocks. 
Cleat'age.    The  mechanical  division  of  the  laminss  of  rooks  and  minerals,  te  show  tfaa 

constant  direction  in  which  they  may  be  separated. 
Coal  measures.    The  geological  formation  in  which  coal  is  found. 
Co'balt.    From  the  Germ,  koboldf  a  devil.    A  brittle  metal  of  a  reddiih-gray  eoloor.    Its 

ores  are  always  associated  with  arsenic. 
Co'bra  capel'lo.    Portn.  cobra,  snake,  and  eapeHo,  'a  eanl  or  hood.    Hood-anake,  • 

venomous  serpent 
Coccinb'lla.    From  the  Gr.  iokkinoif  scarlet.    A  genus  of  eoleopt'erooi  insects;  oam 

monly  called  Lady-birds. 
Cocctne'llifbr.    From  coeeinella  (the  diminutive  of  the  Lat.  cocetntM,  erimson),  a  gtnuM 

of  coleopterous  insects,  and /ero,  I  bear.    A  specific  name. 
Coc'crs.    From  the  Gr.  kokko9f  a  seed  which  dyes  scarlet.    A  genus  of  insects  of  ih% 

order  Hermip'tera.    Cfoecu9  la*cca,   A  species  of  cochineal  insect    Coeeut  i'lieut,   Oroea 

oak  cochineal. 
Cocii'iNEAL  was  taken  in  Europe  at  first  for  a  seed,  but  was  proved  by  the  observatlottj 

of  Leenwenboeck  to  be  an  insect  (coe'cui  eae'H),  being  the  female  of  that  spedeo  of 

shield-loose,  or  eoecut,  discovered  in  Mexico  as  long  ago  as  1518.     It  is  Ivongfat  to  as 

from  Mexico,  where  the  animal  lives  upon  the  cac'tut  opitn'tia  or  mopaL 
Co'cos.     Gr.     A  genus  of  palms ;  the  cocoanut     Coco*  otera'cia.    The  oil  eoeoanot 
Cof'feb.    The  seed  of  a  tree  of  the  natural  family  rvbia'cra.    There  are  several  speeico 

of  the  genus,  but  the  only  one  cultivated  is  the  Coffit'a  Arab'ica,  a  native  of  Uppor 

Ethiopia  and  Arabia  Felix. 
Coke.     Carbonized  pitcoal. 
Cohe'sio5.    The  force  which  holds  together  the  timilar  particles  of  bodies,  uniting  thoM 

into  a  homogeneov*  whole,  which  may  be  broken  up  by  meehanictil  means.    800  Ax»hb- 

sioN,  and  Affinitt. 
Colu'briform.    From  the  Lat  co'luber,  a  serpent,  an  adder,  and  forma,  shape.    Adder- 

shape. 
Coluu'ba.    Lat    A  pigeon.    A  genus  of  birds.     Colvtn'ba  miffrato'ria.    Wild  pigeoa. 
Colcm'bium.    a  metal  discovered  in  a  mineral  found  in  Massachusetts  by  Mr.  HaehotI, 

in  UOl. 
Colu'mnar.     In  the  form  of  columns. 
Combina'tion.    a  chcmicnl  term,  which  denotes  the  intimate  union  of  dissimilar  partides 

of  matter  into  a  homogeneous-looking  compound,  possessed  of  properties  generallj  dif. 

ferent  from  those  of  the  separate  constituents. 
Combcs'tible.     Any  substance  which,  exposed  in  the  air  to  a  certain  temperatnre,  00a- 

sumes  spontaneously,  with  the  emission  of  light  and  heat.    All  such  combnstibloa  as 

are  cheap  enough  for  common  use,  go  under  the  name  of  fneh     Every  combustibte 

requires  a  peculiar  pitch  of  temperature  to  be  kindled,  called  its  aecen'dible  or  thnMmy 

point    Thus,  phosphorus,  sulphur,  hydrogen,  carburetted  hydrogen,  and  carbon,  tftke 

fire  at  success! vdy  higher  heats. 
CoMBUs'noir.    The  combination  of  two  bodies  accompanied  by  the  extrication  of  heat  aad 

light    When  a  body  rapidly  combiner  with  oxygen,  for  example,  with  a  disengagenoat 

of  heat  and  light,  it  is  said  to  undergo  combustion. 
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OoMPARATiVB  Ahatokt.    The  eomparfttire  ttudj  of  H^  Ytaunu  parti  <^  th«  bodies  of 

differoDt  aninudi. 

CoMPo'siTiB.    A  family  of  MonopeUlons  plantg. 

Gokoh'ifbr.  From  concka,  a  shell,  and  /ero,  to  bear.  An  animal  that  prodaoee  or  if 
cohered  with  a  shell,  as  the  tortoise.    It  is  applied  particularly  to  biralre  mollnsks. 

Concho'loot.    The  science  of  shells  and  the  animals  which  inhabit  them. 

Cau>BH8A'Ti<>!f.  The  act  of  causing  the  parts  that  compose  a  body  to  approach  or  unite 
more  closely.  Dew  and  o^otMi*  are  formed  by  the  condensation  of  rapoor.  Condensa- 
tion is  opposed  to  rart/aoiion  and  txpanaion, 

Oompuc'tor.  Those  substances  which  possess  the  property  of  transferring  caloric  or  heat, 
and  electricity,  are  termed  conductors  of  heat  or  caloric,  and  condnotors  of  electricity. 

Ck>ii'i>ri«B.    A  protuberance  on  the  end  of  a  bone. 

Gomfbb'v.a.    Tribe  of  plants  of  the  family  of  Zoosp^rmese.    It  includes  many  sea-weeds. 

GoNOBLA'noif.  The  process  of  passing  from  a  liquid  to  a  solid  state;  the  act  oi  freezing 
liquids. 

Gox'sBXBR.  From  the  Lat.  eoa,  with,  and  genue,  raoe.  Species  belonging  to  the  same 
genus,  are  termed  congeners,  or  congeneric 

Conolo'meratb.  From  the  Lat  conglomero,  I  heap  together.  Anv  rock  eomposed  of 
pebbles  cemented  together  by  another  mineral  substance,  either  oalepreous,  silioious,  or 
argillaceous. 

Go'nipbr.  From  the  Lat  eoniM,  a  eone,  and  fero,  I  bear.  A  tree  or  plant  which  bears 
cones,  such  as  pines,  fir-trees,  Ac, 

Coki'fbilb.    a  family  of  plante  which  includes  the  conifers. 

Cox iros'tbrs.  a  tribe  of  insessorial  birds,  including  those  which  hare  a  strong  bill  of  a 
conical  form,  as  the  crows  and  finches. 

Copal'.  A  resin  which  exudes  spontaneously  from  two  trees,  the  Hhrte  Oopalli'num  and 
the  El(Bocar'pu9  Copa'liferj  the  first  of  which  grows  in  America,  and  the  second  in  the 
East  Indies.  A  third  species  of  copal-tree  grows  on  the  coasts  of  Guinea,  especially  on 
the  banks  of  some  rivers,  among  whose  sands  the  resin  is  found. 

CoWper.  One  of  the  metals  most  anciently  known.  It  was  named  from  the  island  of 
Cyprus,  where  it  was  extensively  mined  and  smelted  by  the  Greeks.  Its  alchemical 
name  was  Venue. 

Cop'PERAS.     Protosulpbate  of  iron.     Called  also  Oreen  Vitriol, 

Cop'routb.    The  petrified  dung  of  carnivorous  animals. 

Qo'bai*.  From  the  Qr.  koreo,  I  ornament,  and  ale^  the  sea.  The  hard  calcareous  support 
formed  by  certain  polypi.  The  finest  coral  is  found  in  the  Mediterranean.  It  is  fished 
for  upon  the  coasts  of  Provence,  and  constitutes  a  considerable  branch  of  trade  at  Mar- 
seilles. Coral-fishing  is  nearly  as  dangerous  as  pearl-fishing,  on  account  of  the  number 
of  sharks  which  frequent  the  seas  where  it  is  carried  on.  Coral  is  mostly  of  a  fine  red 
colour,  1but  occasionally  it  is  fiesh-coloured,  yellow,  or  white.  The  red  is  preferred  for 
making  necklaces,  crosses,  and  other  female  ornaments.  It  is  worked  up  like  preoiona 
stones. 

Oo'rajxuib.    Belonging  or  relating  to  coral. 

CoRALLi'5EiB.     The  coralHues,  a  tribe  of  oaleiferous  polypL 

Cobia'cbodb.    From  the  Lat  eortttm,  the  hide  of  a  beast     Leathery. 

Cork.  The  bark  of  the  quercue  Suber,  a  species  of  oak-tree,  which  grows  abundantly  in 
•the  southern  provinces  of  France,  Italy,  and  Spain. 

Coro'na.    Lat    A  crown.    A  genus  of  plants. 

CoBo'HiE.    Plural  of  corona. 

CoRRo'siVB  sub'linatb.     Bichloridc  of  mercury. 

CoBu'KnuK.  A  crystallised  or  massive  mineral  of  extreme  hardness,  almost  opaque,  and 
of  a  reddish  colour.  It  is  allied  to  the  sapphire,  and  is  composed  of  nearly  pure 
aliimina. 

Cotvle'dox.    From  the  Gr.  kotule'don,  a  seed-lobe. 

Cotylb'oonogs.    Belonging  or  relating  to  a  cotyle'don  or  seed-lobe. 

Gra'ter.    Lat    A  great  cup  or  bowl.    The  mouth  of  a  volcano. 

Cratbri'fbrous.     Containing  craters. 

Geatb'rifoex.    In  form  of  a  crater. 

Crbta'cbous.    From  the  Lat  creta,  chalk.    Of  the  nature  of  chalk,  relating  to  chalk. 

Cbimoi'dbjc  From  the  Gr.  krinon,  a  lily,  and  eidoe,  resemblance.  A  family  of  radiate 
animals. 

Crop  out.  When  a  rock,  in  place,  emerges  on  the  surface  of  the  earth,  it  is  said  to 
crop  out 

Cro'ton.     a  genus  of  plants  of  the  family  of  Euphorbi&cesB. 

CKUCi'PERiB.  From  the  Lat  crux,  crude,  a  cross,  and  /ero,  1  beac  A  family  of  plant! 
which  have  flowers  in  form  of  a  Maltese  cross. 


(8fi  OLdSBABT. 

ORu'dFORif.    Isdiftpeof  aorofli. 

Crusta'cea.    From  the  Lat  crusta,  a  ornst    A  olsss  of  arUonlated  aolmalt. 

Grcsta'ceah.    An  animal  of  the  class  of  crastacea ;  a  crab. 

Crtptooa'mia.  From  the  Gn  krmpto§t  eonoealed,  and  gamo§,  marria^  A  olaM  of  pUats, 
whio^  are  propagated  without  apparent  seeds. 

Cryptd'oauous.    Belonging  or  relating  to  the  erjptogiraia. 

Crtbt'al.  From  the  Or.  kru9iaUo9t  ice.  This  term  was  orighiallj  applied  to  thoce  bean- 
tifal  ti^nsparent  varieties  of  silica  or  quarts  known  ander  the  name  of  roek-cfyttaL 
When  sabstanoes  pass  from  the  fluid  to  the  solid  state,  they  freqnentlj  assume  those 
regular  forms  which  are  generally  termed  crystals.  A  crystal  is  any  inorganic  solid  of 
homogeneous  straotnre,  bounded  by  natural  planes  and  right  lines,  symmetrteally 
arranged.  Many  regetable  and  animal  products,  however,  are  susceptible  of  crystal- 
lisation. 

ORTs'TALLUfB.    lUlatlug  to,  or  resembling  crystals. 

Crystaluza'tioit.    The  process  by  which  crystals  are  formed. 

Cu'cuLUs.    Lat    A  cuckoo.    A  genus  of  passerine  birds. 

Cd'lrx.  Lst  A  gnat  A  genus  of  insects  of  the  fiunily  of  Dip'tera,  and  type  of  the 
tribe  Culfoides :  eulex  pVpien*,  the  common  gnat 

Cu'muli.     Plural  of  cumulus. 

Cu'uulo-stra'tds.  Twain  cloud:  it  partakes  of  the  appearance  of  the  eomulus  and 
stratus. 

Cu'mulus.  a  form  of  cloud.  A  convex  aggregate  of  watery  particles,  increasing  upwards 
from  a  horizontal  base,  and  assuming  more  or  less  of  a  conical  figure. 

CuPBLLA'noN  is  a  mode  of  analyzing  gold,  silver,  palladium,  and  platinum,  by  adding  to 
small  portions  of  alloys,  containing  these  metals,  a  bit  of  lead ;  fusing  the  mixture  in  a 
little  cvp  of  bone-earth,  called  a  evpcl ;  and  then,  by  the  Joint  action  of  heat  and  air, 
oxidizing  the  copper,  tin,  Ac,  present  in  the  precious  metals.  The  oxides  thus  produced 
are  dissolved,  and  carried  down  into  the  porous  cupel  in  a  liquid  state,  by  the  vitrified 
oxide  of  lead. 

Cur'vidbks.    Lat     Ourvtu,  bent,  and  dent,  tooth.    Having  a  bent  tooth. 

Cuspa'ria.    a  genus  of  plants,  named  after  the  tree  which  yields  the  Angustmra  bark. 

Cyamht'drio  Acin.    Another  name  for  hydrocyanic  or  Prussio  acid. 

Cyoada'cbocs.    Belonging  or  relating  to  the  cydUieas 

Cyca'pe^.    a  family  of  plants  allied  to  the  conifers. 

Cy'cas.  a  genus  of  plants,  the  type  of  the  iamily  oycide».  (yeoB  revoimfta.  Narrow* 
leaved  cycas. 

Cy'clas.    From  the  Or.  kuklot,  a  circle.    A  genus  of  gasteropoda. 

Cyo'nus.    Lat     Aswan.     A  genus  of  birds.     Cw*niu  mm'tieut.    The  whistling  swan. 

Cynoce'phalcs.  From  the  Gr.  kuoHf  a  dog,  and  kepkaU,  head.  A  genus  of  mammals. 
Dog-beaded  monkey  or  baboon. 

CYPBRA'cBiB.    Name  of  a  family  of  herbaeeons  plants. 

Cypri'hid-c.    From  the  Gr.  kuprinot,  a  carp.    Name  of  a  family  of  fishes. 

Cy'toblast.  a  cell-germ.  A  primary  grannie,  from  which  all  vegetable  aad  animal 
bodies  are  presumed  to  be  formed. 

Dac'ttus.    From  the  Gr.  daktuloe,  a  finger.  A  genus  of  the  family  of  Gramfneae.    ZVm'. 

ttflie  eteepi'toea.    Tussock  grass. 
Daoubrre'otypb.    The  art  of  procuring  pictures  by  the  action  of  light,  the  inrentloB  of 

which  is  due  to  M.  Daguerre  and  M.  Niepce,  two  Frenchmen. 
Dah'lia.    After  Dahl,  a  Swedish  botanist    Genus  of  plants  of  the  fkmily  of  Composite. 
Dalbb'roia.    AfWr  Dalberg,  a  Swedish  botanist    A  genus  of  plants  of  the  fhmiN-  of 

PapilionicesB,  and  of  the  tribe  of  Dalbergia?. 
Darwi'ioi.    The  name  of  Darwin  latinised.    Belonging  or  relating  to  Darwin. 
DASYc'RiDiB.    From  the  Gr.  rfa#M«,  thick,  hairy,  and  owra,  tail.    A  family  of  mammals. 
Db'bris.   Fr.   Wreck,  ruins,  remains.   In  geology,  the  term  is  applied  to  large  f^gmenti^ 

to  distinguish  them  from  detritttt,  or  those  which  are  pulverized. 
Decanta'tion.    The  act  of  pouring  off  the  clear  supernatant  liquid  firom  any  sediment  of 

deposit.    It  is  much  employed  in  the  chemical  arts,  and  is  most  conveniently  effected 

by  a  syphon. 
Dbc'apod.    An  animal  with  ten  feet  or  legs. 
DEOAR'BoinzE.    To  deprive  of  carbon. 
Deci'ddous.     From  the  Lat  deeido,  I  fall  off.    Applied  to  plants  whose  leaves  fWl  off  in 

autumn,  to  distinguish  them  from  evergreens. 
Dbcliwa'tiox  of  any  oelesOal  body,  Is  the  angular  distanee  of  the  body,  nortti  or  south, 

from  the  equator. 
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Becoc'tton  means  either  the  aet  of  boiling  a  Hqnid  along  witb  some  organio  sabttanee,  or 

.    the  liqaid  compound  reenltiDg  from  that  act 

Bbcomposi'tio!!.    The  separation  of  the  oonstitaent  principles  of  any  compound  bodj. 

The  dfcompo9%iion  offore€9  is  the  same  as  the  rfolntum  of  forw, 
Bbcrbpita'tioit.    The  crackling  noise,  attended  with  the  flying  asunder  of  their  parts, 

mode  by  several  salts  and  minerals,  when  heated. 
Bbvlaoba'tior.    The  sudden  biasing  up  of  a  oombnstible ;  as  of  oharooal  and  sulphur 

when  thrown  into  melted  nitre. 
Dbihothb'rium.    From  the  Gr.  deino9f  terrible,  and  th^,  wild  beast.    A  genus  of  fossil 

pachyderms. 
DbI/Iqubs'cbnt.    a  term  applied  to  a  solid  which  attracts  so  mneh  moisture  from  the  air 

as  to  become  spontaneously  soft  or  liquid ;  snob  as  potash  and  chloride  of  calcium. 
Belphi'kds.    Lat    Dolphin.    A  genus  of  aquatic  mammals. 
Dbl'ta.    The  Gr.  letter  A.    The  triangular  deposits,  shoals  or  islands,  at  the  mouths  of 

rirers  are  called  deltas. 
Dbl'toid.    From  the  Gr.  letter  A,  and  tido9,  resemblance.    ResemUing  the  letter  delta. 
Dbn'sh-y.    The  quantity  of  matter  contained  under  a  given  bulk. 
Besuda'tion.    From  the  Lat  deHudo,  a  strip.    A  removal  of  a  part  of  the  land,  so  as  to 

lay  bare  the  inferior  strata. 
Bboda'r.    a  kind  of  pine-tree. 
Be  phlogis'ti GATED.    Deprived  of  phlogiston,  which  was  formerly  supposed  to  be  the 

common  combustible  principle.    It  is  nearly  synonymous  with  oxygenated.    The  word, 

however,  should  be  dropped,  since  the  idea  originally  attached  to  it  proceeded  tnm  a 

false  logic. 
Bbposi'tion.    From  the  Lat.  depono,  I  let  Mi.    In  geology,  the  fklling  to  the  bottom,  of 

matters  suspended  or  dissolved  in  water. 
Bb'tinbns.    Lat.    Detaining ;  that  which  has  the  power  to  detiun. 
Bbtri'tus.    a  geological  term,  applied  to  deposits  composed  of  various  substances  which 

have  been  comminuted  by  attrition.    The  larger  fragments  are  usually  termed  dSbn't; 

those  which  are  pulverized,  as  it  were,  oonstitute  detritut.    Sand  is  the  detritus  of  sill- 

cious  rooks. 
Bbutox'idb.    Literally,  means  the  ieoond  oxide;  but  it  is  usually  employed  to  denote  a 

compound  oontaining  two  atoms  of  oxygen  to  one  of  a  metal  or  other  element.    Thus 

we  say  deutoxide  of  copper,  and  deutoxide  of  mercury.    Berzelius  has  abbreviated  this 

expression  by  adopting  the  principles  of  the  French  nomenelatare  of  1787 ;  according 

to  which  the  higher  stage  of  oxidation  is  characterized  by  the  termination  -ie,  and  the 

lower  by  -cu$/  and  he  writes,  accordingly,  evpric  and  mereuriof  to  designate  the  doutox- 

ides  of  these  two  metals ;  euproue  and  mercurotte,  to  designate  their  protoxides. 
Bxto'nian  stbtem.    So  called  because  it  is  largely  developed  in  Devonshire,  England. 

It  is  synonymous  with  the  old  red  sandstone  formation.     It  is  composed  at  first  of  ' 

puddingstone,  and  then  passes  into  sandstone,  with  which  it  alternates  at  different 

places. 
Bsw'.poniT.    The  temperature  at  which  dew  begins  to  be  formed. 
Bbx'trinb.    a  gummy  substance,  obtained  from  starch  by  the  action  of  diastase  or  adds. 

It  derives  its  name  from  the  circumstance  that  it  turns,  more  than  any  other  body,  the 

plane  of  polarization  to  the  right  hand. 
Bf  AMAGNB'Tia    If  a  bar  of  iron  be  suspended  between  the  poles  of  an  electro-magnet,  it 

will  be  attracted  by  both  poles  on  the  line  of  force.  But  if  a  bar  of  bismuth  be  suspended 

in  the  same  manner,  it  will  be  repelled  by  both  poles,  and  rest  at  right-angles  to  the  line 

of  force.    Substances  which  are  attracted  by  both  poles  of  an  electro-magnet  are  said  to 

be  magnetic,  and  those  which  are  repelled  by  both  poles  are  termed  diamagMtic. 
Biadel'phia.    In  botany,  a  class  of  plants  whose  stamens  are  united  in  two  bodies  by 

their  filaments. 
BiAO'oN AL.    A  right-line  drawn  from  angle  to  angle  of  a  quadrilateral  or  multilatenU 

figure,  and  dividing  it  into  two  parts. 
Bi'apbraom.   a  partition.   In  anatomy,  the  midriff,  a  muscle  which  separates  the  thoracic 

from  the  abdominal  cavity. 
Bi'ASTASB.    A  peculiar  substance,  generated  during  the  gemination  of  grain  for  the 

brewery,  tending  to  the  transformation  of  starch  into  sugar. 
Biathbr'manods.    Freely  permeable  to  heat 

Bicho'toma,  ^  From  the  Gr.  dichotomoe,  equally  divided.  In  zoology,  this  term  is 
Bicho'tokum,  [•  applied  to  a  species  of  the  genus  Iris,  the  body  of  which  is  bifurcate.  In 
Bicbo'tovcs,    j  botany,  it  is  applied  to  the  stem,  branches,  peduncles,  leaves,  hairs,  styles, 

Jbc,  when  they  are  bifurcated  in  form. 
Bicottlb'doh.    From  the  Gr.  die,  two,  and  hrtuUdon,  seed-lobe.    A  double  seed-lobe. 
Bicotyle'domous.    Belating  to  dicotyle'don;  having  a  double  seed-lobe. 
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BiDBi/pmiJb    A  tribe  of  mtgwiyUl  imnni— h. 

Didbl'phis.    a  geniu  of  marsupial  mammaU. 

Bidbl'pbous.  From  the  Gr.  dit,  doable,  and  delphm,  womb.  Applied  to  oposinms  aod 
other  marsupial  mammale. 

DiDT'iituif.  A  metal  diseovered  reoently  by  Hotander.  It  deriyes  its  name  firom  iti 
being  assoeiated  as  a  hoin  brother  of  lan'thaanm,  in  the  ores  of  ceriom. 

DiDrHi.']iiA.  In  botany,  the  name  of  a  class  of  plants  of  four  stamens,  disposed  in  twi 
pairs,  one  being  shorter  than  the  other. 

Dioas'trio.   Earing  a  double  belly.   An  epithet  applied  to  one  of  tbe  inusoles  of  the  neek. 

Dioita'ta.    Lat.    Di'gitate ;  spread  out  like  the  fingers. 

DiLLEXiA'cBjB.    Propor  name.    A  famUy  of  plants. 

DiLu'TiAL.  From  diluvium,  a  deluge.  Pertaining  to  a  flood  or  ddnge,  more  especially 
to  the  deluge  in  Noah's  days. 

DiLu'yimc.  Literally,  a  deluge.  In  g^olog^,  a  deposit  of  superficial  loam,  sand,  graved 
pebbles,  Jko.,  caused  by  the  deluge  or  ancient  currents  of  water. 

Diko'rhis.  From  the  Or.  deino9,  great,  terrible,  and  eriHt,  a  l»rd.  A  genus  of  fossQ  or 
extinct  birds. 

Binotbs'rium.    See  Dxikothkrium. 

Dionjb'a.  One  of  the  names  of  Venus.  A  genus  of  plants  of  the  family  of  Broserieea. 
Diona^a  miuci'pula.    Venus'  Fly-trap. 

Dio'svA.  From  the  Gr.  dio;  dirine,  and  omw,  amelL  A  genus  of  plants  of  the  fiunily 
of  Dios'mesd. 

Dio'tis.  From  the  Gr.  di6to§,  baring  two  ears :  referring  to  the  flower.  A  genus  of 
plants  of  the  family  of  helianth&ceie. 

Dip.  In  geology,  direction  of  the  inclination  of  strata.  '<  To  take  a  dip,"  is  to  measoif 
the  degree  thiit  a  stratum  inclines  or  dips  from  a  horisontal  line.  GenaraU^,  inelinatioB 
downwards ;  as  ih^  dip  of  the  needU,  in  magnetism. 

DisnfFBo'TANT.    An  agent  for  removing  the  causes  of  infection,  as  chlorine. 

Disin'tboratb.  From  the  Lat.  de,  privative,  integer,  a  whole.  To  separate  or  break  up 
an  agg^gate  into  parts. 

Disloca'tion.  Displacement.  In  geology,  where  strata  or  reins  hare  been  displaeed 
from  the  poeition  where  first  deposited  or  formed,  they  are  said  to  be  dislocated. 

DuTiLLA'Tioir.  From  dit,  asunder,  and  itiUa,  a  drop.  The  raporization  and  eubeequect 
condensation  of  a  .liquid.  The  term,  c/ry  dirtillation,  is  applied  to  the  distillation  of 
substances  without  the  addition  of  water.  J)e§truetive  dtatiUation  is  the  distillation  of 
substances  at  rery  high  temperatures,  so  that  the  ultimate  elements  are  separated  or 
erolred  in  new  combinations. 

The  distillation  of  ardent  spirits  from  wine,  beer,  Ac,  was  unknown  to  the  ancicBt 
Greeks  and  Romans.  It  seems  to  hare  been  invented  by  the  barbarians  of  the  North 
of  Europe,  as  a  solace  to  their  cold  and  humid  clime ;  and  was  first  made  known  to  the 
Southern  nations  in  the  writings  of  Amoldus  de  Villa  Nora,  and  his  pupil,  Baymond 
Lolly  of  Majorca,  who  declares  this  admirable  essence  of  wine  to  be  an  emanation  of 
dirinity,  an  element  newly  rerealed  to  man,  but  hid  from  antiquity,  because  the  humaa 
race  were  then  too  young  to  need  this  bererage,  destined  to  rerive  the  energies  of 
modem  decrepitude.  Howerer  much  he  erred  as  to  the  ralue  of  this  remarkable  essence^ 
he  truly  predicted  its  rast  influence  upon  humanity,  since  to  both  civilized  and  savage 
nations  it  has  realized  greater  ills  than  were  threatened  in  the  fSibled  box  of  Pandora. 

Doo'iKACT.    The  art  by  which  the  nature  and  proportions  of  an  .ore  are  determined. 

Do'loiotb.  Magnesian  marble,  or  granular  magnesian  carbonate  of  lime.  Named  alter 
D<^omieu. 

Don a'riuh.  a  metal  recently  discovered  by  Bergemann.  It  is  named  after  the  Scandi- 
narian  god.  Donor, 

Dracjb'na.    Lat    A  genus  of  Saurians.  ^ 

Draoa'ma    Plural  of  Draessna. 

Drusb.  )     A  carity  in  a  rock,  baring  Its  interior  sur&ee  studded  with 

Dru'bio  oa'tity.  /crystals. 

Drtoba'lanofs.  From  the  Gr.  (frii«,  o«,  an  oak,  halano9,  an  aeom,  and  ops,  aspect.  A 
genus  of  plants  of  the  famHy  of  Dip'terociipess.  DryobQ,'lancp%  ca'mpkora.  The  cam- 
phor-tree of  Sumatra. 

DuoTiL'iTr.  The  property  of  being  drawn  out  in  length  without  breaking.  It  is  posaetsed 
in  a  pre-eminent  degree  by  gold  and  silrer. 

DrMA'Mia    From  the  Gr.  cfunamt*,  power,  force.    Beloni^ng  or  relating  to  dynamics. 

Dtna'mios.  The  dootrine  of  forces  as  exhibited  in  moving  bodies  which  are  at  liberty  to 
obey  the  impulses  eomraunicated  to  them.  The  motions  of  celestial  bodies  in  their 
orbits,  or  of  a  stoae  &lling  freely  through  the  air,  are  embraced  in  the  study  of 
dynamics. 
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Dtnavom 'annu  An  instrument  ibr  measurinf  foroe,  etpaoiaUy  the  relirtiTe  strength  of 
men  and  other  nnimals. 

Earths.  Formerly,  ohemists,  believing  them  to  be  simple  bodies,  included  the  following 
substances  under  the  name  of  earths :  Baryta,  Strontla,  Lime,  Magnesia,  Alumina  or 
Clay,  Silica,  Gluoina,  Zirconia,  and  Tttria.  Research  has  shown  that  all  hare  metallic 
or  metalloid  bases. 

Echid'na.  Greek  name  of  a  monster,  supposed  to  hare  the  body  of  a  beautifiil  woman 
and  the  tail  of  a  serpent.    A  genus  of  mammals  of  the  family  of  Monotre'mata. 

Eclip'tic.  In  astronomy,  the  great  circle  of  the  heavens  which  the  sun  appears  to  deeoribe 
in  his  annual  revolution. 

Edbitta'ta.  From  the  Lat.  «,  without,  and  d^na,  tooth :  without  teeth.  An  order  of 
mammals  which  are  destitute  of  teeth. 

Edul'oorate.  A  word  introduced  by  the  alchemists  to  signify  the  sweetening,  or  rather 
rendering  insipid,  of  acrimonious  pulverulent  substances,  by  eopions  ablutions  with 
water.  It  means,  in  modem  language,  the  washing  away  of  all  particles  soluble  in 
water,  by  agitation  or  trituration  with  this  fluid,  and  subsequent  deoaatatioo  or 
filtration. 

B'dulis.    Lat.    Eatable ;  that  which  may  be  eaten. 

EtFBRVBs'cBNCK.  When  gaseous  matter  is  suddenly  extricated,  wiUi  a  hissing  sound, 
during  a  chemical  mixture,  or  by  the  application  of  a  chemical  solvent  to  a  solid,  the 
phenomenon,  from  its  resemblance  to  that  of  simmering  or  boiling  water,  is  called 
effervescence. 

Epplores'cbncb.  The  pulverulent  covering  formed  on  the  surface  of  saline  substanoes 
from  which  the  atmosphere  has  removed  the  watw  of  crystallitation.  When  saline  sub- 
stances give  up  their  water  of  crystallization  to  the  air,  they  are  said  to  effloresce.  Salt- 
petre appears  as  an  efflorescence  upon  the  ground  and  walls  in  many  situations. 

Ela'is.    I     From  the  Gr.  elaiay  the  olive.    A  genus  of  plants  of  the  family  of  Palms. 

BLiB'is.  j  The  Sla'U  Gnineen'tia  yields  the  Palm-oiL 

Blrc'ttvb  AppiK'irr.  The  order  of  preference,  so  to  speak,  in  which  the  sevenl  ohemical 
substances  ehoote  to  combine. 

Elbctri'citt.  From  the  Gr.  elektron,  amber,  the  substanoe  in  which  it  was  first  obeerred. 
The  property  acquired  by  glass  and  resin  from  friction  to  attract  light  substances. 
Electricity  exists  in  all  bodies,  and  becomes  manifest,  at  least  partially,  whenever  the 
natural  state  of  equilibrium  of  their  moleoules  is  disturbed  by  any  cause. 

Elrc'triccs.     Lat.     Electric.     Belonging  to,  or  relating  to  electricity. 

Elec'tro-vao'nktish.  The  phenomena  produced  when  a  current  of  electricity  is  tra- 
versing any  substance;  or  when  electricity  is  in  motion,  magnetism  is  at  the  same  time 
developed. 

Elbc'tro-kao'nbt.    An  apparatus  for  exhibiting  the  phenomena  of  electro-magnetism. 

E'lrmbnt.  The  ancients  considered  earth,  fire,  water,  and  air,  as  simple  substances.  The 
alchemists  had  three  elements :  salt,  earth,  and  mercury.  In  modem  science,  the  term 
element  signifies  merely  a  substance  which  has  not  yet  been  resolved  by  analysis  into 
any  simpler  form  of  matter;  and  it  is  therefore  synonymous  with  undecompoanded. 

Elbphahti'ha.     Lat    Belonging  or  relating  to  an  elephant ;  elephantine. 

E'lkphas.  Lat  Gr.  name  of  the  elephant  A  genus  of  mammals  of  the  order  of 
pacbydermata. 

Ellip'tica.    Lat    Blliptio. 

Elu'triatb.  When  an  insoluble  pulveralent  matter,  like  whitening  or  ground  flints,  is 
difi'nsed  through  a  large  body  of  water,  and  the  mixture  is  allowed  to  settle  for  a  little, 
the  larger  particles  wiU  subside.  If  the  supernatant  liquid  be  now  oarefnlly  decanted, 
ur  run  off^,  with  a  syphon,  it  will  contain  an  impalpable  powder,  which,  on  repose,  will 
collect  at  the  bottom,  and  may  be  taken  out  to  dry.    This  process  is  ciUled  eiittria'tion* 

Embalu'ino.  An  operation,  in  which  balsams  were  employed,  to  preserve  human  corpses 
from  putrefaction ;  whence  the  name.  The  ancient  Egyptians  had  recourse  to  this  pro- 
cess for  preserving  the  bodies  of  numerous  families,  and  even  of  the  animals  which  they 
loved  or  worshipped. 

Eir'BRTO.  From  the  Gr.  em&rtfon,  from  bru6, 1  bud  forth.  A  germ  at  the  early  stages  of 
development 

E'mbrald.  a  mineral  of  a  beautiftil  green  colour,  much  valued  for  ornamental  Jewelry. 
It  consists  of  silica,  alumina,  glucina,  oxide  of  chromium,  which  is  the  oolouring  matter, 
and  a  trace  of  lime. 

E'XERT.  This  mineral  was  long  regarded  as  an  ore  of  iron ;  and  was  called  by  Haiiy,/«r 
oxidS  quartzi/ire.  It  is  very  abundant  in  the  island  of  Naxos,  at  Cape  Smerif  whence 
it  is  imported  in  large  quantities.  It  occurs  also  in  the  islands  of  Jersey  and  Guernsey, 
at  Almaden,  in  Poland,  Saxony,  Sweden,  Persia,  Ac.  It  has  recently  been  discovered 
in  Minnesota ;  but  nearly  all  that  is  used  at  present  in  the  arts  oomes  from  Turkey,  near 
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snoi«Dt  Siiiynift.    Its  ooloor  Tmries  from  red-lnrown  to  dvk-brown ;  had  it  it  so  bard  « 

to  Kcratch  quarts  and  many  preoioos  Btooes.    By  Mr.  Tennant's  asalysia,  it  consists  of 

alumina  80,  silica  3,  and  iron  4.    Another  inferior  kind  yielded  32  of  iron,  and  only  50 

of  alumina. 
Empyrbu'ma.    The  offensive  smell  prodnoed  by  fire  applied  to  organic  matter,  efaiefly 

vegetable,  in  close  vessels. 
En'crinites.    From  the  Gr.  krinon,  a  lily.   A  genas  of  fossil  Eehifmodermt,     The  akeletoi 

of  this  animal  is  said  to  consist  of  not  lees  than  26,000  separate  pieoet. 
Emtozo'a.     Plural  of  Entono'on, 

ExTozo'oK.    An  animal  living  in  some  part  of  another  animaL 
E'ocENE.     From  the  Gr.  e6§f  dawn,  and  kaino9f  recent.    In  geology,  a  name  fi>r  the  older 

tertiary  formation,  in  which  the  first  dawn,  as  it  were,  of  existing  species  appears. 
Epacri'dbjb.    From  the  Gr.  rpi,  upon,  and  oAro*,  an  elevated  place,  a  kilL    A  fiamily  of 

plants. 
Bp'iphttb.    From  the  Gr.  epi,  npon,  and  p&titof,  a  plant    Applied  to  plants  whioh  grew 

upon  other  plants. 
Bp'som  Salts.    Snlphato  of  magnesia. 
Bquinoctia'lis.    Lat.     Equinoctial. 
B'quinox.    From  aquutf  equal,  and  nox,  night.    The  time  when  the  son  enters  one  of  the 

equinoctial  points,  making  the  day  and  night  of  equal  length.    The  snn  enters  the  ini 

point  of  Aries  about  the  2l8t  of  March,  and  the  first  point  of  Libra  about  the  23d  of 

Septomber.     These  are  called  the  vernal  and  atUumnal  eqminoxct.     Theso  poimts  art 

found  to  be  moving  backward,  or  westward,  at  the  rate  of  60"  in  a  year.     This  is  ealM 

the  preeetmon  of  ike  e^ntnoxet. 
Bquisb'tum.    From  the  Lat  equut,  a  horse,  and  ttta,  hair.    A  genus  of  plaate  •f  the 

flunily  of  £quisit£cefl». 
Equiv'alknts,  Chem'ical.    An  expression  first  employed  by  Dr.  Wollaston,  to  denote  the 

primary  proportions  in  which  the  various  chemical  bodies  reciprocally  combine;  the 

numbers  representing  these  proportions  being  referred  to  one  standard  substaaoe^  of 

general  interest,  sueh  as  oxygen  or  hydrogen,  taken  as  unity. 
B'qdus.     Lat    A  horse.    A  genus  of  mammals. 
Er'bidh.    a  metal,  recently  disoovered. 

Ertthrox'tlov.    From  the  Gr.  eruthrot,  red,  and  omZon,  wood.    A  genus  of  plants. 
BscARp'MBrr.     From  the  Ital.  warpa,  sharp,  formed  from  the  Lat  earpere,  to  eat     The 

steep  face  often  presented  by  the  abrupt  termination  of  strata,  where  subjacent  beds 

crop  out  from  beneath  them. 
Bsoulbr'ta.  Lat  Esculent 
Es'sBRCBB.    Either  etherous  oils,  in  which  all  the  fragrance  of  vegetable  products  reside, 

or  the  same  combined  and  diluted  with  alcohol. 
E'thbr.    The  name  of  a  class  of  very  light,  volatile,  inflammable,  and  firagrant  apiritnoas 

liquids,  obtained  by  distilling,  in  a  glass  retort,  a  mixture  of  alcohol  with  almost  any 

strong  acid.    Every  acid  modifies  the  result,  in  a  certain  degree,  when  several  Tarieties 

of  ether  are  produced.  The  only  one  of  eommereial  importence  is  sulphuric  ether,  which 

was  first  made  known,  nnder  the  name  of  notei  oil  of  vitriol^  in  1540,  by  the  reoeipt  d 

Walterus  Cordns.    Froberus,  190  years  after  that  date,  directed  the  ehemista  afre«h  to 

this  substance^  nnder  the  new  denomination  of  ether,    Ite  chemical  formula  is  C«H|0. 
E'thiops.   The  absurd  name  given  by  the  alchemists  to  certain  black  meteUic  prepanUiosis. 
Ethno'qraphbr.   From  the  Gr.  ethnoe,  a  nation,  and  graph6,  I  write.   One  who  enltiTates 

ethnography :  an  ethno'logist 
Ethno'oraphy.    a  department  of  knowledge  which  treato  of  the  different  natoral  races 

and  families  of  men.    A  treatise  on  the  subject 
Edoalt'pti.    Lat    Plural  of  euoalyptas. 
Bdoalt'ptus.    From  the  Gr.  ea,  well,  and  kalupto§,  covered;    A  genus  of  plante  of  the 

family  of  Myrt^cesB. 
Eudiom'etbr.   Any  apparatus  subservient  to  the  chemical  examination  of  the  atxnospherie 

air.    It  means  a  meature  of  purttj/  ;  but  it  is  employed  merely  to  determine  the  propor* 

tion  of  oxygen  which  it  may  contain. 
Ecpho'rbia.    Gr.    Name  of  a  plant    A  genus  of  plante,  of  which  there  are  300  species. 
Evapora'tion.    The  process  by  which  any  substance  is  converted  into,  and  oanied  off  ia, 

vapour. 
Excb'lsa.    Lat    Noble,  tall,  stately. 
Exco'rtica.     Lat    Without  bark. 
Exo'gbnoijs.    From  the  Gr.  ear,  f^om,  and  getnomai,  I  grow.    Applied  to  plante  whiefc 

grow  by  successive  external  additions  to  their  wood. 
Ezpan'siom.    The  increase  of  bulk  experienced  by  heated  bodies. 
Extbn'silb.    Having  the  power  to  extend  itself. 
Bxn'TLB.    Lat    The  sloughs  or  oast  skins,  or  oast  shdla  of  "itm^u, 
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Fa'ous.    Lat    Beoch.    A  geniii  of  plants  of  the  familj  of  Awkeni&oem, 

Fa'lco.     Lat     Falcon.     A  genus  of  birds.    Fa'loo  itla'ndietu.    The  Qerfaloon. 

Fa'mily.  In  natural  history  the  term  is  applied  to  an  assemblage  of  sereral  genen  whioh 
re«eaible  each  other  in  many  respects. 

Pari'ha.     Lat.    Meal. 

Far'inha.     Porta.     Meal,  flour. 

Farixo'sa.    Lat    Mealy ;  belonging  or  relating  to  meal. 

Faults.  In  mining,  disturbances  of  the  strata,  whioh  intempt  the  miner's  operations, 
aad  pnt  him  at  fault,  to  discover  where  the  vein  of  ore  or  bed  of  coal  has  been  thrown 
bj^the  conyulaions  of  nature. 

Fau'na.  All  animals  of  all  kinds  peculiar  to  a  eountary  eonstitnta  the  fauna  of  that 
country. 

Fec'ula.  Sometimes  signiflet  com-flonr,  and  aometimes  stareh,  from  whatCTer  soiiroe 
obtained. 

Fk'lib.  Lat  A  cat  A  genus  of  mammals  of  the  fkmily  of  eamiVora.  FMt  %rb\9. 
The  panther. 

Fbl'spar.  a  simple  mineral,  and  a  leading  constituent  of  granite.  It  consists  of  silica 
66*75,  alumina  17*50,  potash  12,  lime  1*25,  and  oxide  of  iron  0*75  (Rose).  Its  decompo- 
sition furnishes  the  ka'olin,  or  porcelain  clay. 

FEirRstRA'LTS.    Lat    Belonging  or  relating  to  a  window  or  opening. 

Fer'nrjtt.  Any  substance  which,  when  added  in  a  small  quantity  to  Tegetahle  or  animal 
fluids,  tends  to  excite  those  intestinal  motions  and  changes  whioh  accompany  fermentation. 

Fervrnta'tiox.  When  organic  substances,  under  the  influence  of  water,  air,  and  warmth, 
are  abandoned  to  the  reciprocal  operation  of  their  proximate  principles  (sugar,  starch, 
gluten,  Ac.\  they  are  entirely  changed  and  decomposed,  so  that  their  ultimate  princi> 
pics  (oxygen,  hydrogen,  carbon,  A;c.)  combine  in  new  proportions,  and  thus  give  birth 
to  various  new  compounds.  To  this  process,  the  general  name  of  fermentation  has  been 
given. 

Ferns.    The  Alices ;  an  order  of  or3rptogiroio  plants. 

Fi'cus.    Lat    A  fig.    A  genus  of  plants  of  the  family  of  Morss'cess. 

Filtra'tiox.  a  purely  mechanical  process  for  separating  a  liquid  from  undissolved  par- 
ticles floating  in  it  The  filtering  substance  may  consist  of  uiy  porous  matter,  in  a  solid, 
foliated,  or  pulverulent  form;  as  porous  earthenware,  unsized  paper,  doth  of  many  kinds, 
or  sand. 

FiORO.    A  frith,  firth,  or  forth ;  a  rocky  chasm  penetrated  by  the  sea;  a  rock-bound  strait 

Flabellipo'rme.    From  the  Lat  flabellum,  a  fan,  and  forma,  form.     Fan-shaped. 

Flo'ra.  Lat  Name  of  the  Goddess  of  Flowers.  All  the  plants  of  all  kinds,  belonging 
to  a  country,  constitute  the  flora  of  that  country. 

Flo'rida.    Belonging  or  relating  to  flowers ;  or  relating  to  the  State  of  Florida. 

Flitx.  Any  substance  capable  of  promoting  the  fusion  of  earths  or  metalUo  ores  by  heat 
White  flux  is  the  residuum  of  the  deflagration,  in  a  red-hot  crudble,  of  a  mixture  of  two 
parts  of  nitre  and  one  of  eream  of  tartar.  It  is,  in  fact,  merely  a  carbonate  of  potash. 
Blnoh  flux  is  obtained  when  equal  parts  of  nitre  and  tartar  are  deflagrated.  It  owes  its 
eolour  to  the  carbonaceous  matter  of  the  tartaric  acid,  whioh  remains  uneonsumed ;  the 
quantity  of  nitre  being  too  small  for  that  purpose.  The  presence  of  the  eharooal  renders 
this  preparation  a  copvenient  flux  for  reducing  calcined  or  oxidised  ores  to  the  metallio 
state.  Limestone,  fluor-spar,  borax,  and  several  earthy  or  metallio  oxides,  are  employed 
as  fluxes  in  metallurgy. 

Fly  Pow'der.  The  black-coloured  powder  obtained  by  the  spontaneous  oxidation  of 
metallic  arsenic  in  the  air.    A  tuboxide  of  arsenic 

Fo'cL     Lat    Plural  of  focus. 

Fo'crs.  Lat  A  hearth.  In  optics  the  term  describee  the  point  or  space  where  the  rays 
of  light  are  concentrated  by  a  lens.  The  apex  of  a  eone  of  rays  of  light,  or  of  heat, 
formed  by  a  lens,  or  concave  mirror. 

FoLiA'cRocs.    From  the  Lat  folium.    Leafy.    Having  the  form  of  leaves. 

Foo'tstalks.    In  botany,  the  stalks  of  flowers,  or  of  leaves. 

>'oR'MUL;e,  Chbh'ical.  Symbols  representing  the  difiisrent  snbstanoes,  simple  and 
compound. 

Fo'ssiL.  Prom  the  Lat  fodio,  I  dig.  Any  organic  body,  or  the  traoes  of  any  organie 
body,  whether  animal  or  vegetable,  which  has  been  bnried  in  the  earth  by  natural 
causes. 

FossiLi'PEROUs.    Containing  fossils :  fossU-bearing. 

Fra'oraits.    Lat     Fragrant;  odorous. 

Fra'oilis.     Lat    Fragile ;  earily  broken. 

Fnoxn.   Also, /roti*.    A  name  applied  to  the  leaves  of  palms,  and  of  erypt6gamoo8  plants. 

Frondo'sa.    Lat    Full  of  green  leaves. 
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Fu'ci.    Lat.    Plaral  of  ftioas. 

Fu'cus.    Lftt    Sea-weed.    A  genas  of  aqnatio  plants. 

Fu'BL.    Such  oombattiblet  as  are  used  for  ftres  or  ftimaoes ;  as  waod,  tor^  and  pit-«oaL 

FuNc'Tioir.    From  the  Lat  /nngor^  I  act    The  action  of  an  organ,  or  system  <^  organs. 

Fu5b'rbu8.    Lat    Funereal :  belonging  to  a  dead  body. 

Fdn'gi.    Lat     Plural  of  tungus. 

Fun'gus.     Lat    A  mushroom. 

Fcsibil'itt.    The  property  by  which  eolids  assume  the  liqnid  state. 

Ga'dus.    Lat    A  codfish. 

Galb'na.    From  the  Gr.  patent,  lead  ore.    A  minenl  composed  of  svlphnr  sad  lead:  a 

•  natural  sulpbnret  of  lead. 

Gallina'cbocs.   From  the  Lat  ^cZ^t'na,  ben.   Relating  to  birds  of  the  order  of  Oallinieea. 

Gall-nuts,  or  Galls.  Excrescences  found  upon  the  leaves  and  leaf-stalks  of  a  speeict 
of  oak,  called  qutretu  in/eetoria,  which  grows  in  the  Levant  They  are  produeed  in 
consequence  of  the  puncture  of  the  female  of  the  gall-wasp  {eynipt  folii  qmercm),  made 
in  order  to  deposit  her  eggs. 

Galya'vio.    Belonging  or  relating  to  galvanism. 

GAL'vAifiSM.  From  Oaivanif  a  distinguished  Italian  philosopher.  That  branch  of  eleo- 
trical  science  in  whidi  electricity  is  made  manifest  by  the  mediate  contact  of  different 
metals.  Also,  the  phenomena  exhibited  by  living  animal  matter,  when  placod  between 
the  poles  or  extremities  of  an  apparatus  for  showing  electricity  by  the  mediate  eontaet 
of  difEisrent  metals. 

Garoba'ticus.    Lat    Gangeatio ;  belonging  or  relating  to  the  river  Ganges. 

Gakgub.  The  mineral  substance  which  either  encloses,  or  usually  accompanies  aay  me- 
tallic ore  in  the  vein.  Qnarts,  lamellar  carbonate  of  lime,  sulphate  of  baryta,  and  sul- 
phate and  fluate  of  lime,  generally  form  the  gangues;  but  a  great  many  other  anbstances 
become  such  when  they  predominate  in  a  vein. 

Gabdb'wia.  After  a  propKer  name.  A  genus  of  plants  of  the  fiimOy  of  Rvbiilec«;  it 
contains  some  forty  species.     The  OarcU'nta  grandi^o'ra  is  the  Cape  Jasmin. 

Gar'bbt.  a  mineral  consisting  of  silicates  of  alununa,  lime,  iron,  and  nuinganeee.  It 
occurs  imbedded  in  mica-slate,  granite,  and  gneiss,  and  occasionally  in  limeetone,  efalo- 
rite-slate,  sa*pentine,  and  lava.    There  are  several  varieties  of  garnet 

Gas.  From  the  Germ,  geitt,  spirit  The  name  given  to  all  permanently  elastic  fluids,  or 
airs,  different  from  the  atmospheric  air. 

Gas'bous.    Of  the  nature  of  gas. 

Gbms.  Precious  stones,  which,  by  their  eolonr,  limpidity,  lustre,  brilliant  polish,  pnrilj, 
and  rarity,  are  sought  after  as  objects  of  dress  and  decoration.  They  form  the  prinoipsl 
part  of  the  crown-jewels  of  kings,  not  only  for  their  beauty,  but  because  they  are  sap- 
posed  to  comprise  the  greatest  T^ue  in  the  smallest  bulk ;  for  a  diamond,  no  larger  thsa 
a  nut  or  an  acorn,  may  be  the  representative  sign  of  the  territorial  value  of  a  whole 
eountry,  the  equivalent,  in  commercial  exchange,  of  a  hundred  fortunes  aoquked  by 
severe  toil  and  privations.  Diamonds,  sapphires,  emeralds,  rabies,  topaies^  byaeintlu, 
and  chrysoberyls,  are  reckoned  the  most  valuable  gems. 

Gb'kbra.    Lat    Plural  of  genus. 

Gbhbb.  Fr.  Genus,  kind,  manner,  style.  In  paituUig,  it  is  applied  to  signify  the  rep- 
resentation of  certain  kinds  of  objects,  as  hrndscapes,  views,  animals,  plants,  flowers, 
scenes  in  common  life.  Pictures  of  genre,  then,  are  pictures  of  a  genus  or  k^d  as  ts 
subject;  as  landscapes,  marine  views,  flower  pieces,  sdll-life,  Ao. 

Gb'mcs.     Lat    A  kindred,  breed,  race,  or  family. 

Geoo'nost.  a  knowledge  of  the  structure  of  the  earth.  Geology  is  a  ciescr^>(to»  of  the 
same.    See  Gboloqt. 

Gbo'loot.  From  the  Gr.  ^e,  the  earth,  and  logo*,  discourse.  That  branoh  of  natural 
history  which  treats  of  the  structure  of  the  terrestrial  globe.  It  is  divided  into  deterim- 
tive  geology ;  dynamic  geology,  which  treats  of  the  forces  by  which  the  surlkee  of  las 
earth  has  been  modified ;  practical  and  economic  geology,  embracing  the  application  of 
geological  science  to  mining,  road-making,  architecture,  and  agrioulture. 

Gbothbr'hal.  From  the  Gr.  ge,  the  earth,  and  thermoe,  heat,  temperature.  Kelating  Is 
temperature  of  the  earth. 

Gbrmina'tion.  The  prooess^of  the  development  of  the  seed  and  the  embryo  which  it 
contains. 

Gey'sbrs.  From  an  Icelandic  word,  signifying  raging  or  roaring.  Celebrated  spouttag 
fountains  of  boiling  water  in  Iceland. 

Gibbo'sa.     Lat    Gibbous;  having  protuberanoes  or  bunches. 

Gibralta'bica.    Lat    Belonging  or  relating  to  Gibraltar. 

Zl^'ts.  }     ^    Oig«.Uch.ge. 
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Gileabb'nsis.    Lat    Belonging  or  relating  to  Gilead. 

Ola'cial.    Belonging  or  relating  to  ioe. 

Gla'ciers.    Pr.    Masses  or  beds  of  ioe  formed  in  high  monataiBi,  deiired  from  the  mows 

or  lakes  frocen  by  the  continned  oold  of  those  regions. 
Gland.    An  organ  formed  for  the  purpose  of  secreting  a  peooliar  floid. 
Glau'bkr's  Salt.    Sulphate  of  soda. 
Glau'oous.    From  the  Gr.  glauko9y  Une.    Applied  to  the  bloish  and  valTemleDt  aspect 

which  certain  plants  present,  such  as  the  leares  of  cabbages,  Ac    Also  used  to  signify 

the  bloom  of  the  colour  of  cabbage-leaves,  sometimes  observed  on  polished  bodies. 
Gluci'ii a.    One  of  the  earths,  originallj  discovered  by  Yauquelin,  fai  the  beryl  and  emerald. 

It  is  the  oxide  of  Gluoi'nnm. 
Gluci'kum.    a  metal  discovered  in  glneina,  in  1798,  by  Vaoquelin. 
Glu'cosb.    The  name  given  to  grape  and  starch-sugar. 
Glu'tbji.    Lat.    The  viscid  elastic  substance  which  remains  when  wheat-flour  is  wrapped 

in  a  coarse  cloth,  and  washed  under  a  stream  of  water,  so  as  to  carry  off  the  starch  and 

soluble  matters.    It  exists  in  many  plants  and  in  animals.    It  is  the  basis  of  glue. 
OiTBTSS.    Germ.    A  rock  resembling  granite.    It  is  composed  chiefly  of  feldspar  and  mio% 

and  is  more  or  less  slaty  in  its  structure.     Gneiss  is  used  for  building  and  flagging. 
Gold.    The  most  valuable  and  longest  known  of  the  metals. 
Gohiom'kter.    a  little  instrument,  made  either  on  mechanical  or  optical  principles,  for 

measuring  the  angles  of  crystals.    It  is  indispensable  to  the  mineralogist 
^BiS'cA.    Lat     Greek. 
GRAVf NBiB.    Lat    Grasses.    A  family  of  monoootyl6donous  plants,  containing  about 

3000  species. 
Gbandiflo'ra.    Lat    Large-flowered. 
Grak'itb.    a  compound  rock,  composed  essentially  of  quarts,  feldspar,  and  mica,  each  in 

ffranmlar  crystals. 
Graic ['tic.    Of  the  nature  of  granite. 

Grani'voba.       )      Applied  to  animals  which  feed  upon  grains,  especially  to  passerine 
Grani'vorods.  J  birds. 
Grah'ular.    Composed  of  grains. 

Graicula'tfox.    The  process  by  which  metals  are  redueed  to  minute  grains. 
Grbbh'stonb.    a  rough  variety  of  trap-rook,  consisting  chiefly  of  hornblende. 
Grbbh  Vit'riol.    Sulphate  of  the  protoxide  of  iron. 
Grft.     a  coarse-grained  sandstone. 
GaiNEBN'sis.    Latin.      Belonging  or  relating  to  Guinea. 
Gum.    a  vegetable  product,  which  is  tasteless  and  inodorous,  and  is  distinguished  by  being 

soluble  in  water,  and  insoluble  in  alcohol :  gum-arabic,  for  example. 
Gymno'tus.     From  the  Gr.  ^winiio«,  naked,  and  nStoif  back.    A  genus  of  fishes. 
Gyp'sum.    Native  sulphate  of  lime.    It  is  converted  into  plaster  of  Paris  by  heat 

HA'BrrAT.    Lat    He  inhabits.     Used  to  designate  the  place  in  which  animals  and  plants 

are  naturally  found. 
Ha'lcton.    From  the  Gr.  halkuo'fif  a  ktng-fisher.    A  genus  of  birds. 
Hea'vt  Spar.    Sulphate  of  baryta. 
Hbli'aoal.    From  the  Gr.  helio^f  the  sun.    Relating  to  the  sun.   When  a  star  rises  so  as 

to  be  visible  in  morning  twilight,  before  the  appearance  of  the  sun,  it  is  said  to  rise 

HBLiA'NTHns.    From  the  Gr.  heliotf  the  sun,  and  antho9,  flower;  sunflower. 

He'par.    a  Latin  word,  signifying  liver,    A  name  given  by  the  older  chemists  to  some 

of  those  compounds  of  sulphur  with  the  metals,  which  had  a  liver-brown  colour. 
Heptaphy'lluv.    From  the  Gr.  hepta,  seven,  and  phaUon,  a  leaf.    Seven-leaved.   A  spe- 

eifio  name. 
HsRBA'oBoas.    In  botaniff  herb-like ;  that  perishes  every  year.    An  annual  stem.    Not 

woody. 
Hkbbi'tora.    Lat    Herbivorous. 
Hbrbiv'oroits.    Prom  the  Lat  herhaf  a  plant,  and  vorare,  to  eat   Plant-eating.   Applied 

to  animals  which  feed  chiefly  or  exclniively  on  plants  or  herbs. 
Hi'bbrtvatb.   From  Uie  Lat  hibemare,  to  winter.   Animals  which  retire  and  sleep  through- 
out the  winter,  are  said  to  hibernate. 
Hippopo'tamus.    From  the  Gr.  hippo;  a  horse,  and  potamoa,  river.    River-horse.    A 

genus  of  mammals. 
Hibsu'ta.    Lat    Hirsute;  covered  with  soft  hairs. 
Ho'rary.    From  the  Lat  hora,  an  hour.    The  motion  of  a  celestial  body,  or  the  space  it 

moves  through  in  an  hour,  is  termed  its  horary  motioiu 
Ho'rrida.    Lat    Horrid;  spiny. 
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HoftsK'sHOB  If  AG^NVT.    A  magnet  i&  form  of  a  horte8ho«. 

Htdran'gra.   From  the  Gr.  kttddrf  water,  and  aggo;  a  TesseL   A  genua  of  plants  of  tiie 

fiunily  of  Saxifragioeie,  and  tribe  of  Uydrang^te. 
Ht'dratf.8.    Compounds  of  the  oxides,  salts,  fto.,  with  water  in  definite  or  eqviralent 

proportions. 
Hydrau'lic.  From  the  Gr.  hudSr,  water,  and  mdot,  a  pipe.  Relating  to  liquids  in  motion. 

Hydraulics  is  that  branch  of  natural  philosophy  or  physics  which  treats  of  the  force  of 

water  and  other  liquids  in  motion. 
Htdrosta'tic.    From  the  Gr.  kuddr,  water,  and  ttadf  I  stand.    RelaUng  to  water  in  a 

state  of  rest.    Hydrostattei  is  the  soienee  which  treats  of  the  equilibrium  and  pressure 

of  water  and  other  liquids. 
Hr'DROOBN.    From  the  Gr.  hud/trf  water,  and  gennaeiny  to  generate.    A  colourless,  taste* 

less,  inodorous  gas,  one  part  of  which,  by  weight,  combined  with  eight  parts  of  oxygea 

forms  water ;  combined  with  sulphur,  it  constitutes  9ulpkurtited  hydrogen ;  and  with 

oarbon,  oarburetted  hydrogen,  the  gas  used  for  illumination. 
Hydrom'etbr.    An  instrument  for  ascertaining  the  specific  gravities  of  liquids. 
Htmbko'ptbra.    From  the  Gr.  humenf  a  membrane,  and  ptertm,  wing.    Syatematio  namt 

of  a  class  of  insects,  eharaoteriaed  by  membranous  wings. 

I'bbx.    Lat.    A  wild  goat.    A  genus  of  mammals. 

I'bis.    a  genus  of  birds. 

Ig'nbous  rocks.    Are  those  rocks  whose  structure  is  attributable  to  the  influence  of  heat, 

such  as  granite  and  basalt.    They  are  distinct  from  stratified  roeks,  or  those  formed  by 

deposits  from  water. 
I'oitaka.    a  reptile  of  the  liiard  tribe. 
lauA'HiAH.    Applied  to  Saurians  which  resemble  the  iguana. 

Iqua'nodon.    From  iguana,  and  the  Gr.  odout,  tooth.    A  genus  of  extinel  nr  fouSl  rep- 
tiles, of  gigantic  siie,  discovered  in  the  south  of  Bngland. 
Tlbx.    Lat    The  Holly. 

Il'icib.    Lat    Of  the  Uolly ;  belonging  or  relating  to  the  holly. 
Ih'brioatb.    Laid  one  over  another  like  tiles. 
IircoKSPic'iTOug.    Lat    Not  conspicuous  or  remarkable. 
Imci'sor.    From  the  Lat  ineido,  I  cut    Applied  to  those  teeth  which  oeeupy  the  anterior 

or  centre  of  the  upper  and  lower  jaws,  because  they  are  used  for  cutting  the  food. 
Ih'ca.    Designation  of  the  aboriginal  Peruvian  princes;  used  as  a  speoifio  name.     Also^ 

a  genus  of  insects. 
Ir'dian  rvb'ber.    The  vulgar  name  of  caoutohouo  in  this  country. 
In'dica — In'dious.    Lat    Indian  t  belonging  or  relating  to  India. 
Indioa'tor.    Lat    Indicator ;  one  who  points  out    A  genus  of  bhrds. 
Infuso'ria.    Animals  of  infusions ;  microscopic  animalcules. 
Intdso'rial.    Belonging  or  relating  to  the  Infusoria. 
Ihoroa'kic.    Without  organs  or  organization. 
In'sbct.    From  the  Lat  in,  into,  ««eo,  I  out    Applied  to  animals  whose  bodies  are  oot^  as 

it  were,  into  three  parts — head,  thorax,  and  abdomen. 
I'oDiKB.    One  of  the  chemical  elements,  discovered  accidentally,  in  181S,  by  M.  Oonrtois. 
iRi'DBis.    A  family  of  monocotyl6donous  plants. 
Ibi'dium.    From  the  Lat  trit,  the  rainbow.    A  grey,  brittle,  very  inftisible  metal,  whidi 

is  found  associated  with  the  ores  of  platinum.    It  is  so  called,  because  its  different  sola- 

tions  exhibit  all  the  colours  of  the  rainbow. 
Isla'ndiccs.    Lat     Belonging  or  relating  to  Iceland. 
Isoobi'mbn AL.    From  the  Gr.  fao«,  equal,  and  oAetaia,  winter.    Isochimenal  lines  pass 

through  all  places  where  the  mean  winter  temperature  is  the  same. 
Is'oqeotrb'rmal.    From  the  Gr.  tmm,  equal,  p«,  the  earth,  and  thermotf  heat    Applied  to 

lilies  which  are  supposed  to  pass  through  all  parts  of  the  earth's  structure,  on  the  sur- 
face, where  the  mean  beat  is  the  same. 
Isothb'rmal.   From  the  Gr.  t«o«,  equal,  and  thtrmot,  heat  Isothermal  lines  are  supposed 

to  pass  tbrosgh  all  places  where  the  mean  temperature  of  the  air  is  the  same. 
Isothb'rial.     From  the  Gr.  f«o«,  equal,  and  thtrtio;  having  the  heat  of  summer.    Iso- 

therial  lines  are  supposed  to  be  drawn  through  all  places  having  the  same  mean  summer 

temperature. 

Japo'kica — JAPo'mcvs.    Belonging  or  relating  to  Japan. 

Jas'pbr.  a  silicious  mineral,  of  various  colours;  sometimes  spotted,  banded,  or  varie- 
gated.    It  tnkes  a  fine  polish. 

Jura'bsic.  Belonging  or  relating  to  the  Jura  mountains.  Applied  to  a  system  of  n€kM, 
of  the  middle  secondary  geological  period.    Also  termed  oolitio. 
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Ka'll  The  Araba  gave  this  naine  to  aa  aoBiial  plant  whtefa  growi  near  Ihe  aea-ehore,  now 
known  under  the  name  of  tnUola  •ada,  and  from  whose  ashes  they  eztraoted  a  substance^ 
which  they  called  alkali,  for  making  soapw 

Ea'lmia.    a  genne  of  plants  of  the  family  of  Eric&oesB. 

EIblp.    The  crude  alkaline  matter  produced  by  incinerating  yarioas  speoies  of  fud,  or 

Labia'ta.  From  the  Lat.  laUum,  lip ;  in  allusion  to  the  fatm  of  the  ooroUa.  A  family 
of  dicotyl6donous  plants. 

Lakbs.  Colours  consisting  of  a  vegetable  dye,  eombined  by  precipitation  with  a  white, 
earthy  basis,  which  is  usually  alumina. 

Laka'ta.    Lak    Woolly. 

Lahceola'tus.    Lat.    Laneeolate;  lance-shaped. 

Lamd'sup,  or  Lahd'slide.  In  geology,  the  removal  of  a  portion  of  land  down  an  in- 
clined surface,  from  its  attachment  being  loosened  by  the  aotton  of  water  beneath,  or  by 
an  earthquake. 

Lah'thahum.    a  metal  discovered  in  1840  by  Mosander. 

Xa'pis  la'suli.    a  mineral  belonging  to  the  aluminous  silicates,  of  an  asnre  blue  colour. 

La'rva.    Lat    A  mask.    The  first  state  of  an  insect  after  leaving  the  egg. 

La'rvjs.    Lat.    Plural  of  larva. 

La'tbmt  heat.  Heat  not  indicated  by  the  thermometer;  that  heat  upon  which  the  liquid 
and  aeriform  conditions  of  bodies  depend,  and  which  beoomee  ammkU  during  the  con- 
version of  vapour  into  liquids,  and  of  liquids  into  solids. 

Ladr?ne!«^'  [     ^^^  laurutf  laurel,  one  of  the  genera.    A  family  of  plants. 

La'va.    In  geology,  substances  which  flew  in  a  melted  state  firom  a  voloaao^    Lavas  vary 

in  consistence  and  texture. 
Leouhino'sa.    From  the  Lat  l^u'meti,  a  bean.    A  fiunily  of  plants. 
Leod'minous.    Belonginff  or  relating  to  the  LeguminossB. 
Lboki'ma.    Lat    Belon^^ng  or  relating  to  a  lion. 
Lbpido'ptera.    From  the  Gr.  lepit,  a  scale,  and  pteron,  a  wing,  scaly  wings.    An  order 

of  insects  characterized  by  scaly  wings. 
Lbpobi'ka.    Lat    Belonging  or  relating  to  a  hare. 
Levioa'tion.    The  mechanical  process  by  which  hard  substances  are  reduced  to  a  very 

fine  powder. 
Li'as.    Provincial  corruption  of  the  word  layerg.    In  geology,  a  division  of  the  secondary 

formation.    It  is  also  called  the  Liassic,  Juraseio,  and  Oolitio  system  of  rocks. 
Li/OHENS.    An  order  of  crypt^gamous  plants.    They  include  various  mosses. 
LiuA'cEiB.    A  family  of  plants. 
Lilia'ceous.    Belonging  or  relating  to  the  lUy. 
Limb.    In  hotanyt  the  spreading  part  or  border  of  a  leaf  or  petal.    In  astronomy,  the 

outermost  edge  of  the  sun  or  moon. 
Li'biodb'ndbon.    From  the  Gr.  Uirion,  a  lily,  and  tUndron,  a  tree.    The  tulip  tree.    A 

geoos  of  plants  of  the  family  of  Magnoli&cees. 
Lith'abob.    Semivitrified  protoxide  of  lead. 
Lrra'iA.    One  of  the  earths. 
Li'thium.    a  metal. 
LixiviA'no^r.    The  abstraction,  by  water,  of  the  soluble  alkaline  or  saline  matters  present 

in  any  earthy  admixture ;  as,  from  that  of  quicklime  and  potashes,  to  make  potash  lye. 
Lla'no:}.    Spanish.    Planes. 
Load'stonk.    An  iron  ore,  consisting  of  the  protoxide  and  peroxide  of  iron,  in  a  state  of 

combination. 
Loau.   a  native  clay,  mixed  with  quarts  sand  and  iron  ochre,  and  oocasionally  with  some 

carbonate  of  lime. 
LoBB.    A  term  applied  in  botany  to  the  more  or  less  profound  divisions  of  a  leaf,  corolla, 

or  other  part  of  a  plant 
Lobblia'cbji.     In  honour  of  Lobel,  a  botanist    A  family  of  dicotyKdonous  plants. 
Lon'oivbohs.    Lat    Having  a  long  front  or  forehead. 
Lo'tus.    A  genus  of  plants  of  the  family  of  Legumin^sse. 
Lo'nab  caus'tic.    Nitrate  of  silver. 
Lute.     A  pasty  or  loamy  matter,  employed  to  close  the  joints  of  chemical  apparatus,  or 

coat  their  surfaces,  and  protect  them  from  the  direct  action  of  flame. 
Lu'tbub.  1 

Lu'tba.     V     Lat    Tellow ;  dirty ;  made  of  clay.    A  specific  name. 
Lu'teum.  j 
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Hacrou'roub.    From  the  Gr.  makroif  great,  and  onrOf  talL    Haviog  a  long  or  large  taO. 
Mao'istert.    An  old  chemical  term  to  designate  \rbite  polremlent  substances,  sponta- 
neously precipitated  in  making  certain  meL^lio  solutions ;  as  magistery  of  bismatL 
Maonb'sia.     One  of  the  alkaline  earths. 
Mao^tb'sian.    Containing  magnesia. 

Magnb'siuit.    a  silrery  white  metal  obtained  from  magnesia. 
Hag'net.    Loadstone  is  the  natural  magnet,  which  has  the  property  of  attracting  Sros. 

Artificial  magnets  are  prepared  s&  as  to  possess  the  peculiar  attractire  properties  of  the 

loadstone. 
Hag'nstism.    The  science  which  investigates  the  phenomena  presented  by  natural  and 

artificial  magnets,  and  the  laws  by  which  they  are  connected. 
Hagno'lia.    Name  of  Magnol,  a  French  botanist.    A  genus  of  plants  of  the  family  of 

MagnolUcesB. 
MA'LACHmB.    A  mmeral ;  native  green  carbonate  of  copper. 
Mallbabil'itt.    The  property  of  being  beaten  out  into  thin  leaves. 
Malt.    Barley-corn,  which  has  been  subjected  to  an  artificial  process  of  gemunation. 
Hau'mal.    Any  animal  that  suckles  its  young, 
Mamma'lia.    From  the  Lat  mamma,  a  breast.    The  name  of  the  dass  of  mammals  or 

animals  whieh  suckle  their  young. 
Hauui'fbra.  Same  as  mammalia. 
Man'gakese.    a  metal. 

Hari'tima.    LaL    Maritime ;  relating  ta  the  sea. 

Marl.    Argillaceous  carbonate  of  lime.^    There  are  several  varieties  of  marl. 
Marsu'pial.    From  the  Lat  mar$upium,  a  pouch.    Any  animal  having  a  peculiar  poueh 

in  front  or  on  the  abdomen. 
Mar^tial.    Belonging  to  iron :  from  Mars,  the  mythological  and  aloheminal  name  of  this 

metal. 
Mas'todoh.    From  the  Gr.  ma$to9,  a  nipple,  and  odout,  a  tooth,    A  genus  of  extinct 

mammals  allied  to  the  elephant. 
Ma'trix.    In  geology,  the  stony  substance  or  bed  in  which  metallio  ores  and  crystalliM 

minerals  are  embedded.    TIm  gangue. 
Mauri'tia.    Belonging  to  the  island  of  Manritius. 
Mauro'ruit.    Lat    Of  the  Moors. 
Ma'ximus.  1 

Ma'xiua.    >     Lat    The  greatest 
Ma'ximum.  j 

Medu'sa.    a  genus  of  marine  animals  of  the  class  Aoa'lepha. 
Megathk'riux.    From  the  Gr.  meg<u,  great,  and  iherion,  beast    Naara   of  •  fossfl 

quadruped. 
Mei'ocbne.    See  Mi'ocene. 
Melalbc'ca.    From  the  Gr.  melat,  black,  and  leubot,  white.    A  genus  of  plants  of  the 

family  of  Myrt4ce8B. 
Melofo'rmis.    From  the  Lat  melo,  a  melon,  and  forma,  shape.    Melon-shaped. 
Mbr'cury.     Quicksilver.     A  metal  which  is  liquid  at  ordinary  temperatures. 
MRSEifBRTAN'THEMUir.    From  the  Gr.  meaembria,  the  mid-day,  and  antkemum,  floweriag; 

so  called  because  the  flowers  usually  expand  at  mid-day.    The  fig  marigold.    A  genas 

of  plants  of  the  family  of  Fico'ides. 
Mbtalli'pbroub.    Containing  metal,  or  metals. 
Met'alloid.    Literally,  resembling  metal*     The  metals  obtained  from  the  alkalis  and 

earths  are  sometimes  called  metalloids. 
Mbtal'lurgt.    The  art  of  extracting  metals  from  ^eir  ores. 
Metamor'phic.    From  the  Gr.  meta,  indicating  change,  and  morphe,  form.    Hetamorpliie 

rocks  are  those  which  are  evidently  of  mechanical  origin,  but  owing  to  the  presumed 

action  of  heat,  have  undergone  change.    Altered  rocks. 
Mb'tborites.    Meteorio  stones.    Stones  of  a  peculiar  aspect  and  composition,  which  hare 

fallen  from  the  air. 
Mia'bma       f     ^^^^  ^®  ^^'  ^'ita^"^*  I  contaminate.    Applied  to  any  emanation  frmn 
Mia'smata  ]  ^°^°^'^  ^'  vegetable  substances,  or  from  the  earth,  which  may  prejudicially 

'  ( influence  the  health  of  those  persons  who  may  be  exposed  to  it 
Mi'cA.    From  the  Lat  mico,  I  shine.    A  mineral,  generally  found  in  thin,  elastic  laminsB, 

soft,  smooth,  and  of  various  colonn  and  degrees  of  transparency.    It  is  one  of  the  oon» 

stituents  of  granite. 
Mi'cA-scHiST.     Germ.    (Gr.  tcAifftot,  slaty,  easily  split)    A  lamellar  rock,  composed  of 

quartz,  ordinarily  grayish,,  and  a  great  quantity  of  brilliant  lamdUe  of  mica,  arranged 

in  scales,  or  extended  leaves. 
MicRocos'xio  salt.    Phosphate  of  soda  and  ammonia. 
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Mi'das.    Name  of  a  genns  of  monkeys ;  also,  of  a  genns  of  reptUei 
Miorato'ria.    Lat.    MigratiDfl:. 


lies, 
ligrating. 
Millepo'ra.   From  the  Lat  miUe,  a  thousand,  and  port,  holes.  A  genns  of  stony  polyps, 

or  eorallines. 
MiMo'sA.    From  the  Lat  mimut,  a  comedian ;  in  allnsion  to  its  nnmeroos  yarieties.    A 

genus,  and  a  tribe  of  plants. 
Mi'nihum.    Lat    The  least 
Mi'ocBNB.    From  the  Gr.  meoiSn,  less,  and  kainoi,  recent   In  geology,  a  name  of  a  gronp 

of  rocks  of  the  tertiary  period. 
Mira'gb.    Fr.    A  kind  of  natural  optical  illnsion,  arising  from  the  unequal  and  irregular 

rofraotion  of  light  by  the  lower  strata  of  the  atmosphere.    The  illusive  appearance  of 

wato/  in  deserts  is  explained  in  this  manner. 
Mispick'bl.    Arsenical  pyrites. 

MoLLu'scA.    Lat    Mollusks.    A  branch  of  the  animal  kingdom. 
MoLLu'scous.    Belonging  or  relating  to  mollusks. 
Mol'lusk.    From  the  Lat  moUi;  soft    Applied  to  certain  soft  animals  which  inhabit 

shells,  as  oysters. 
Molvbde'num.    a  white,  brittle  metal. 

Mom'LiFOKU,    From  the  Lat  monile,  a  necklace.    In  form  of  a  string  of  beads  ,*  necklace- 
like. 
Mo'nftor.    a  genus  of  Saurian  reptiles. 
MofrocoTTLB'noN.    From  the  Or.  mono9,  single,  and  koh^don,  seed-lobe.    A  single  leed- 

lobe. 
MoNo'cEROS.    From  the  Gr.  tnonot,  single,  and  kerae,  bom.    Having  one  horn. 
Mo50COttle'do50us.    Relating  to  monocotyledons. 
Mo'KODoiv.    From  the  Gr.  monot,  single,  and  odout,  tooth.    Name  of.  a  genus  of  aquatie 

mammals.    The  Narwhal. 
Mokospe'rm A.    From  the  Gr.  monotf  single,  and  $perma,  teed.    One-seeded.    A  specific 

name. 
Horai'nes.    Fr.    The  name  given  by  geolo^ts  to  longitudinal  deposits  of  stony  detritus, 

found  at  the  bases  and  along  the  edges  of  all  the  great  glaciers. 
Mo'rus.    Mulberry.    A  genus  of  plants  of  the  fiunily  of  Urti'cese. « 
Mosasau'rus.    From  Meute,  name  of  a  river,  and  the  Gr.  tauroa,  a  lisard.    A  genus  of 

fossil  reptiles. 
Moschi'ferus.    Lat    Musk-bearing;  containing  musk. 
Mos'cHDS.    Lat  from  the  Gr.  moechot,  musk.    Name  of  a  genus  of  mammals. 
Mo'ssES.    Crypt6gamous  parasites  of  the  family  of  Lycopodeioeas. 
Mu'ciLAOK.    A  mixture  of  gum  and  water. 
Mu'ral.    Belonging  or  relating  to  a  wall. 

Mu'SA.    The  banana.    A  genus  of  plants  of  the  family  of  Musicese. 
Jtfus'cHELKALK.     German.    Shell  limestone. 
Musci'puLA.    Lat    A  fly-trap  or  mouse-trap.    A  name  of  a  plant 
Mu'flicus.    Lat    Relating  to  music ;  musical. 
Must.    The  sweet  juice  of  the  grape. 
Htri'stica.    a  genus  of  plants  of  the  family  of  Myrista'cem ;  Myrit'tiea  moteka'ta,  the 

nutmeg  tree. 
Htb'tus.    Myrtle.    A  genus  of  plants  of  the  family  of  Myrta'cesD. 

Na'ita.    From  the  Lat  nanus f  a  dwarf.    A  specific  name. 

Na'phtha.    a  limpid  bitumen. 

Narci'8su8.    Name  of  a  genus  of  plants  of  the  family  of  Amarylli'desB. 

NA'TRinir.    A  metal ;  commonly  called  todium. 

Na'tron.  The  name  of  the  native  sesqoiearbonate  of  soda,  which  occurs  in  Egypt,  in  the 
west  of  the  Delta;  also,  in  the  neighbourhood  of  Fezsan,  in  Northern  Africa,  where  it 
exists  under  the  name  of  trona,  crystallized  along  with  sulphate  of  soda;  near  Smyrna, 
in  Tartary,  Siberia,  Hungary,  Hindostan,  and  Mexico. 

27ec'tary.    That  part  of  a  flower  which  secretes  nectar  or  honey. 

Nsi^UM'BnTK.    A  genus  of  plants  of  the  family  of  NymphsBa'cess.    Sacred  bean. 

Ner'oll  The  name  given  by  perfumers  to  the  essential  oil  of  orange  flowers.  It  is  pro- 
cured by  distillation  with  water,  in  the  same  way  as  most  other  volatile  oils. 

Nbs'tor.    An  extinct  bird. 

Neuro'ptera.    From  the  Gr.  neuron,  a  nerve,  and  pteron,  wing.    An  order  of  insects. 

Keutraliza'tion.  The  state  produced  when  acid  and  alkaline  matters  are  combined  in 
such  proportions  that  neither  predominates ;  as  evinced  by  the  colour  of  the  tinctures 
of  litmus  and  turmeric  remaining  unaffected  by  the  combination. 

New  red  samd'stonb.    In  geology,  a  system  of  rocks  of  the  secondary  formation. 
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Nick'el.    a  whit«  metoL    It  is  tht  basis  of  "  German  Silrw." 

Ni'gra.    Lat    Black. 

Niu'bus.    a  rain  cloud. 

Ni'tida.    Lat    Neat,  clean,  bright. 

Ni'trogbn.  a  simple,  permanently  elastic  fluid  or  gas,  also  called  aiote;  which  eonstir 
tutes  foor-fiflbs  of  the  atmosphere,  and  is  the  basis  of  nitric  acid. 

Niva'lis.    Lat    Snowy. 

Ko5-co!n>uc'TOR.  Applied  to  sabstanoes  which  do  not  possess  the  property  of  transmit- 
ting electricity  or  heat 

Ko'PAL.  The  Mexican  name  of  the  plant  eat/tua  opun'Ha,  upon  which  the  oochineal 
insect  breeds. 

No'riuu.    a  newly-disooTcred  metal. 

Nor'mal.    Regular ;  according  to  an  established  law,  rule,  or  principle. 

NoTOR'ins.    Name  of  an  extinct  bird. 

Notothe'rium.    a  fossU  genus  of  marsupial  mammals. 

NuMM ULi'RiA.  From  the  Lat  nummu;  a  coin.  A  family  of  moUnsks.  Nom'mnliUs. 
Fossils,  of  a  flattened  form,  resembling  small  coins. 

•Obsi'dian.    a  glassy  lava.    Volcanic  glass. 

Ocean'ica.    Lat    Relating  to  the  ocean. 

Odora'ta.    Lat     Odorous. 

Odoratissi'ita.    Lat    Very,  or  most  odorotn. 

Odori'fera.    Lat    Odoriferous. 

Oil  of  Vrr^RiOL.    The  old  name  of  concentrated  $ulpkuric  aeid. 

Old  red  sand'stone.    A  system  of  rooks  of  the  secondary  formation. 

O'lxa*    Lat    Olive.    A  genus  of  plants  of .  the  family  of  Olea'cesB. 

O'oLiTE.    From  the  Gr.  6on,  an  egg,  and  lithot,  stone.    A  grannlar  rariety  of  carbonate 

of  lime,  frequently  called  roe^ttone. 
O'PAL.    A  brittle  mineral,  characterized  by  its  iridescent  reflection  of  light     It  consists 

of  «t/toa,  with  about  ten  per  cent  of  water. 
Opales'cent.    Resembling  opal. 

Ophi'dian.    From  the  Gr.  opkis,  a  serpent  Applied  to  reptiles  of  the  order  of  Ophidia. 
Orcbid'eous.    Relating  to  the  genus  orchis. 
OR'cBrs.    A  genus  of  plants  of  the  f&mily  of  Orchido'sB,  named  from  most  of  the  species 

being  marked  by  two  tubercles. 
Ores.    Mineral  bodies  which  contain  so  much  metal  as  to  be  worth  the  smelting,  or  being 

reduced  by  fire  to  the  metallio  state.    The  substances  naturally  combined  with  metals, 

marking  their  metallio  characters,  are  chiefly  oxygen,  chlorine,  sulphur,  phosphorosy 

selenium,  arsenic,  water,  and  several  acids,  of  which  the  carbonic  is  the  most  oommoiL. 
Or'gax.    From  the  Gr.  organon,  an  instrument    Part  of  an  organised  being,  destined  to 

exercise  some  particular  function ;  for  example,  the  ears  are  the  organs  of  bearing  the 

muscles  are  the  organs  of  motion. 
ORGA^mc.    Relating  to  an  organ.     Organic  rewuniu,  are  the  fossil  remains  of  organiied 

beings. 
OROAAizA'noir.    The  mode  or  manner  of  straetare  of  an  organised  being. 
Or'ganizxd.    Composed  of  organs ;  having  a  mode  of  structure. 

ORreiJ^Vus'.}     ^'^    ^"^•"^    Belonging  to  the  Bast 

Ornithortm'chus.  From  the  Gr.  omit,  omitko;  a  bird,  and  rugekoe,  a  beak.  A  genos 
of  mammals,  baring  the  beak  of  a  duck. 

Oscilla'tion.    The  act  of  moving  backwards  and  forwards,  like  a  pendulum. 

Os'miuh.    From  the  Gr.  otnie,  odour.    A  metal  discovered  in  1803,  by  Tennani. 

Ota'ria.  From  the  Gr.  tffon'on,  a  small  car.  A  genus  of  amphibious  mammals^  of  ^ 
tribe  of  seals. 

Oct'crop.    In  gtohgyf  the  emergence  of  a  rock  in  place,  at  the  snr&oe. 

O'vART.    In  botany,  that  part  of  a  flower  in  which  the  young  seeds  are  contained. 

Oxa'lib.    a  genus  of  plants  of  the  family  of  Oxali'desD. 

Ox'yoen.  The  vivifying  gas  which  constitutes  about  one-fifth  of  the  atmosphere,  the  pre- 
sence of  which  is  essential  to  life. 

O'zoNK.  From  the  Gr.  096, 1  smell  of  something.  The  odorous  matter  perceived  when 
electricity  passes  from  pointed  bodies  into  the  air. 

Pacrtdbr'mata.    Lat  f^om  the  Gr.  paehut,  thicki  and  derma,  skin.    An  order  of  mam^ 

mals — Pachyderms. 
Palaonto'loot.     From  the  Gr.  pdU»io9f  aaeient,  on,  a  being  or  creature,  and  logM, 

discourse.    That  branch  of  soologioal  sd^oe,  which  treati  of  fossil  oxgaaic  remains. 
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Paljcothe'rhtv.    From  tbe  Gr.  palato9,  ancieBt,  and  fAeWon,  beast    A  fossil  genus  of 

pacbyder'matons  mammals. 
PaljCOZo'ic.     From  the  6r.  palaio9,  ancient,  and  toe,  life.    Belating  to  ancient  life ;  be- 
longing or  relating  to  fossils. 
Palla'dium.    a  white,  hard,  very  malleable  and  ductile  metal,  which  is  susceptible  of  a 

fine  polish.     It  is  more  difficult  to  melt  than  gold. 
Palve'lla.     a  genus  of  plants  of  the  family  of  Confervdcete.    Palme' lla  niva'lUf  a  plant 

of  the  snowy  regions,  which  gives  colour  to  the  snow  amidst  which  it  grows.  Proctoco'c- 

CU9  is  the  red  snow  plant 
Pa'nicuh.     Panic-grass.    A  genus  of  plants  of  the  family  of  Grami'nese.    Pa'ntcum  tni- 

lia'eeum,  millet,  a  grain  used  for  feedihg  poultry  in  Eo^and. 
Pa'pa.     Spanish.    Pope.    Specific  name  of  a  vulture. 

Paptri'fera.     From  papj/nu,  a  sort  of  paper,  and  /eroj  I  bear.     Paper-bearing. 
Papy'rus.     a  genus  of  plants  of  the  family  of  Cypera'ceae.     The  Papyrus  antiquo'rum 

yields  the  substance  used  as  paper  by  the  ancient  Egyptians. 
Paradisa'ica.     Lat    Belonging  or  relating  to  Paradise.    A  specific  name. 
Par'asite.    From  the  Gr.  para^  near,  and  attos,  corn.    A  plant  which  attaches  itself  to 

other  plants,  or  an  animal  which  lives  in  or  on  the  bodies  of  other  animals  —  so  as  to 

subsist  at  their  expense.    The  mistletoe  is  a  parasitic  plant  —  the  louse,  a  parasitic 

animal. 
Parbn'chtma.    The  texture  of  glandular  and  other  organs,  composed  of  agglomerated 

globules,  united  by  areolar  tissue,  and  tearing  with  more  or  less  facility.     Such  is  the 

texture  of  the  liver,  kidneys,  Ac, 
Parhe'lia.     Plural  of  parhelion. 
Parhe'liox.     From  the  Gr.  para,  alongside  of,  and  htUoi,  the  sun.    A  mock  sun.    A 

meteor  which  consists  in  the  simultaneous  appearance  of  several  suns,  "  fantastic  Imagei 

of  the  true  one," 

Parha'ssus.    a  genus  of  lepidopterous  insects  of  the  tribe  of  Parna'ssidss. 

Pass  eres.  |      j.^^^^  ^^^  ^^^^  pagser,  a  sparrow.    Name  of  a  varied  and  exten- 

^v!!/!o;««   »,„«o   I  «»^e  order  of  birds,  not  easily  characterixed. 
Pass'erikb   birds.  J       ,  '  '' 

Passiflo'ra.    Abbreviation  ot  flotj  flower,  and  pasnioniSf  of  the  passion.   Passion-flower. 

So  called,  from  a  supposed  resemblance  between  its  floral  organs,  and  the  instruments 

of  the  Passion  of  our  Saviour.     An  extensive  and  beautiful  genus  of  plants. 
Patago'icica.    Lat.     Relating  to  Patagonia.     Specific  name  of  a  penguin. 
Pavo'xia.     Formed  from  the  Lat  pavo,  a  peacock.    A  specific  name. 
Pearl' ASH.    A  commercial  form  of  potaah. 
Peat.     The  natural  accumulation  of  vegetable  matter  on  the  surface  of  lands  not  in  a 

state  of  cultivation  ,*  always  moist  to  a  greater  or  less  degree ;  varying  according  to  th« 

kind  of  plants,  to  the  decay  of  which  the  formation  of  peat  is  due. 
TznTTs'cLE.    In  botany,  the  stem  or  stalk  that  supports  the  flower  and  the  fruit    From 

the  Lat  pt9,  a  foot 
Pela'gic.    From  the  Lat  pelngnf,  the  sea.     Relating  to  the  sea* 
Pelo'pium.     a  metal  discovered  by  Prof.  H.  Rose. 
Pbn'dulum.     From  the  Lat  pendo,  I  hang.     A  weight  suspended  at  the  end  of  a  rod,  so 

that  it  may  vibrate  from  side  to  side  in  a  plane,  is  called  a  pendulum. 
PsTrirx'BRA.     From  the  Lat  pc^ne,  almost,  and  umhrti,  shade.    In  attrononiy,  the  partial 

shadow  in  an  eclipse. 
Psr'miak.    After  the  ancient  kingdom  of  Permia,    A  name  applied  by  Mr.  Murchison  to 

a  system  of  rocks,  consisting  of  an  extensive  group  of  fossiliferous  strata,  intermediate, 

in  their  geological  position,  between  the  Carboniferous  and  Triosaic  systems,  the  latter 

being  the  upper  portion  of  the  New  Red  Sandstone  formation. 
Perturba'tiojt.     In  attronomy,  the  deviation  of  a  celestial  body  from  the  elliptic  orbit 

which  it  would  describe,  if  acted  upon  by  no  other  attractive  force  than  that  of  the  sun, 

or  central  body  about  which  it  revolves. 
Pe'tal.    From  the  Gr.  petalon,  a  leaf.    A  part  of  the  corolla  of  a  flower  analogous  to  a 

leaf. 
Pbtro'leum.    From  the  Gr.  petrot,  a  rock,  and  the  Lat  oleum,  oil.   Rook-oil,  often  called 

Barbadoce  tar,    A  brown,  liquid  bitumen,  found  in  the  West  Indies,  Europe,  &c. 
PHANERoaA'MiA.    From  the  Gr.  phancros,  evident,  and  gamoe,  marriage.   Phaner6gamoua 

plants.     Applied  to  plants  having  distinct  flowers. 
Phlox.     Gr.    Flame.    A  genus  of  beautiful  plants  of  the  family  of  PolemoniaoesB. 
Pho'ca.     Lat    A  seal.     A  genus  of  aquatic  mammals,  embracing  the  common  seal  or 

Pho'ea  vituli'na;  the  Harp  seal  or  P.ocea'nica;  the  Hmre-tailcd  seal  or  P.  lagura;  the 

sea-lion;  sea-wolf j  sea-elephant j  sea-cow;  Ac,  <kc. 
Pho'cjb.    Lat    Plural  of  phoca. 


646  GL08SABY. 

PH(/iroLm.    From  the  Gr.  phoned,  I  resonod,  and  lithot,  a  stone.    OUnk-stone.    A  kind 

of  compact  bualt  which  is  sonorous  when  stmck. 
Phor'iciuh.     From  the  Gr.  phormo^f  a  basket.     Flax-lily.     A  genua  of  plants  of  the 

family  of  Asphod^leao.    Phor'mium  te'nax,  Irie-leaved  flax-lily  of  New  Zealand. 
Fbos'phateb.    Compoandfl  of  phosphoric  acid  with  salifiable  bases,  as  Boda>  are  tenntd 

phosphates :  Phosphate  of  soda,  for  example. 
Fhospborb'sobrcb.  Emission  of  light  from  substances  at  common  temperatnresy  or  below 

a  red  heat. 
Phosphore'scbht.    Having  the  property  of  emitting  light  without  sensible  heaL 
Fbospho'rio  a'cid.    a  compound  of  phosphorus  and  oxygen,  having  the  properties  of 

acids. 
Fhos'pbortts.    From  the  Gr.  phot,  light,  and  phtrS,  I  bear.    A  simple  snbstanee  wbieh 

is  highly  inflammable. 
Fhoto'mbtbr.    From  the  Gr.  phSa,  light,  and  metron,  measure.    An  instrument  for  mea- 
suring the  intensity  of  light. 
Physa'lia.  )      From  the  Gr.  phute,  a  vesicle.    A  genus  of  animals  of  the  fiunily  6t  Aea- 
Physa'lis.  j  lepha.    The  Portuguese  man-of-war  belongs  to  this  class. 
Physa'lis.    a  genus  of  plants  of  the  famUy  of  Solan&oeaa.    Fhya*li%  e'dulu,  the  Cape 

gooseberry. 
Pht'seter.    a  blower.    Name  of  a  genus  of  mammals  of  the  family  of  Ceta'cea. 
Pime'icto.    Allspice;  Jamaica  pepper. 
Pik'natb.    From  the  Lat  pinnatvn,  feathered.    Having  leaflets  arranged  along  each  aide 

of  a  common  petiole,  like  the  feather  of  a  quilL 
Pinnati'fida.    Lat.    Pinna'tifld.    A  leaf  is  so  called  when  It  is  divided  into  lobes  ttom. 

the  margin  nearly  to  the  midrifT. 
Pi'NtJS.    Lat.     A  pine-tree.    A  genus  of  plants  of  the  family  of  Coniferss.    Pi'ntu  a'biea. 

The  Norway  spruce.     Pi'nut  canan'e'nsU,     The  Canary  pine.     Pi'nwa  ce'mbrtu     The 

Riga  balsam  tree ;  the  Gembran  or  Siberian  pine.    Pi'nut  exee'ha.    The  lof^  or  Nepal 

pine.    Pi'nut  manYima.    The  maritime  pine.     Pignut  pi'nea.    The  Stone  pine. 
Pi'pA.    A  genus  of  batrachian  reptiles.    A  kind  of  toad. 
Plas'ter  op  Paris.    Gypsum.    Sulphate  of  lime. 

r  The  diminutive  of  the  Spanish  plata,  silver.  A  metal  of  a  steel  gray 
Pla'thta.  I  colour,  approaching  to  the  white  colour  of  silver,  to  which  resemblance  it 
pLA'Tnvutf.  I  owes  its  name.  It  was  found  in  Ghoco,  one  of  the  provinces  of  Oolombia^  and 

y  brought  to  Europe,  in  1741,  by  Don  Antonio  de  Ulloa. 
Plesiosau'rus.    From  the  Gr.  plwiot,  next,  and  »auro9,  a  lizard.    A  genus  of  extinet 

marine  animals,  allied  to  the  lizard  and  crocodUe,  having  the  neck  very  long,  and  the 

tail  short    Also  written  PWnotaur, 
Plei'ocene     f     ^^^  ^®  ^^'  pleiorif  more,  and  kainotf  recent.    A  term  applied  by  geo- 
Pli'ockmb  *    I  ^^^^^  ^  ^^®  newer  tertiary  formation,  because  there  is  found  fossilized  in 

( it  a  greater  number  of  existing  than  of  extinct  species. 
PLrMBA^GO.    Black-lead  or  graphito.    A  mineral  consisting  of  carbon.    A  little  iron  is 

usually,  but  not  necessarily,  an  ingredient.    Excepting  Uie  diamond,  it  is  the  pnrast 

form  in  which  carbon  occurs  in  nature. 

{From  the  Lat.  plumbum,  lead.  An  instrument,  consisting  of  a  stnag 
with  a  weight,  usually  of  lead,  attached  to  a  straight  staff,  for  the  potpese 
of  ascertaining  the  direction  of  gravitation,  or  the  perpendicular  to  tlis 
horizon. 

Pluto'kio  rocxs.  Unstratified  crystalline  rocks,  probably  formed  at  great  depths  beneaA 
the  surface  by  igneous  fhsion.     Volcanic  rock*  are  formed  near  the  surface. 

Polariza'tion.    The  process  by  which  light  is  polarized. 

Po'larized  light.  Light  so  modified  as  to  possess  poles,  or  sides,  having  opposite  pro- 
perties. Light  by  reflection  or  refVaction,  when  passed  through  crystals  possessing  the 
power  of  doublo  refraction,  becomes  modified,  so  that  it  does  not  present  the  same  phe- 
nomena of  transmission  and  reflection,  as  light  which  had  not  been  polarized. 

PoLTo'oNVH.  From  the  Gr.  poltts,  many,  and  gonu,  a  knee  or  joint.  A  genns  of  plants 
of  the  family  of  Polygon&cess. 

Polymo'rpha.  Lat  From  the  Gr.  poltu,  many,  and  morphe,  form.  Many-shaped.  A 
specific  name. 

Po'lypi.    Lat    Plural  of  polypus. 

Pol'ypus.    From  the  Gr.  point,  many,  and  pout,  foot    A  genus  of  radiate  animals. 

Pon'tica.  *  Lat    From  pontut,  the  sea.     Belonging  or  relating  to  the  sea. 

Porphyrit'ic.    Of  the  nature  of  porphyry. 

Por'phyry.  From  the  Gr.  porphura,  purple.  Originally  applied  to  a  red  rock  found  in 
Egypt.    A  compact  feldspathio  rook,  contuning  disseminated  crystals  of  feldspar;  tka 
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latter,  when  poUsbed,  fbrming  imall  angular  epoitfl,  of  a  Bght  odour,  tfaiekly  sprinkled 
oyer  the  snrface.    The  rock  is  of  Tarious  43oloiir8y  dark  green,  red,  blue,  black,  Ac 

Pobt'lakd  red.  a  name  given  by  geologiati  to  the  superior  division  of  the  upper  6olite 
or  lias  system.  The  "Portland  stone"  is  a  kind  oi  limestone  found  in  the  south  of 
Snj^and,  and  more  particularly  in  the  Isle  of  Portland.  In  this  series  of  strata  is  a 
silicious  sand  known  as  the  "  Portland  sand.'' 

PoTAs'sinif.    A  metal  discovered  in  potash,  by  Sir  H.  Davy,  in  1S07. 

Preda'ckous.    Living  on  prey. 

Pbbhbn'silb.  From  the  Lat  prehendert,  to  lay  hold  ol  Having  iiie  faculty  to  lay  hold 
ot  Applied  to  the  tails  of  those  monkeys,  for  example,  which  have  the  power  to  sus- 
pend themselves  by  the  tail. 

pRi'vABT  roBK A'noir.  A  term  applied  by  geologists  to  designate  (he  different  rocks 
which  were  formed  prior  to  the  oreaUon  of  plants  and  animals. 

pBi'if  UM  mo'bilb.    That  which  first  imparts  motion. 

Prism.    A  solid  bounded  by  three  planes,  two  of  which  are  equaL 

Pbisma'tic.    Belonging  or  relating  to  a  prism.  ' 

pROBOSci'DiAif.  From  the  Or.  proboakUf  a  proboscis  er  trunk.  Applied  to  mammals  of 
the  family  which  includes  the  elephant. 

Procblla'ria.  From  the  Lat  procelUx,  a  tempest  at  sea.  A  genus  of  birds  ef  the  family 
of  Polmi'pedes. 

Proli'fkra.    Lat    Formed  from  proUa,  a  race  or  stock,  and  fero,  I  bear.    Prolific 

Pbo'tba.  a  genus  of  plants  of  the  family  of  Prote&oeie.  Pro'tea  ej/anero'ides,  Arti- 
choke-flowered protea. 

Pro'teus.    Lat    A  genus  of  reptiles. 

Pte'ris.  Or.  Name  of  Fern.  A  genus  of  crypt^gamous  plants.  Brake  Pu^ru  etoti- 
Itfnttt,    Edible  fern. 

PuL'uoirART.    From  the  Lat  pulmoy  the  lungs.    Pertaining  to  the  lungs. 

Pittrbfac'tioiv.  From  the  Lat  putris,  putrid,  and  facere,  to  make.  The  decomposition 
of  animal  bodies,  or  of  such  plants  as  contain  nitrogen  in  their  composition,  which  takes 
place  spontaneously  when  they  are  exposed  to  the  air,  under  the  influence  of  moisture 
and  warmth.  During  the  process  there  is  a  complete  transposition  of  the  proximate 
principles,  the  elementary  substances  combining  in  new,  and  principally  gaseous  com- 
pounds. Oxygen  is  absorbed  from  the  atmosphere,  and  converted  into  carbonic  acid ; 
one  portion  of  the  hydrogen  forms  water  with  the  oxygen ;  another  forms,  with  the 
nitrogen,  carbon,  phosphorus,  and  sulphur,  respectively,  ammonia,  carbnretted,  phos- 
phuretted,  and  sulphuretted  hydrogen  gases,  which  occasion  the  nauseous  smell  evolved 
by  putrefying  bodies. 

Ptr'ites.  From  the  Or.  pur,  fire.  A  term  originally  applied  to  the  native  bisulphuret 
of  iron,  in  allusion  to  its  giving  sparks  with  steel.  Now  applied  to  a  combination  of 
sulphur  with  iron  or  copper,  which  presents  a  yellowish,  metallic  lustre. 

Ptboo'bnous.  From  tho  Qr.  pttr,  fire,  and  geinomaif  I  beget  Applied  to  rocks  which 
owe  their  origin  to  the  action  of  fire,  as  granite. 

Ptrom'bter.  The  name  of  an  instrument  for  measuring  high  degrees  of  heat,  above  the 
range  of  the  mercurial  thermometer. 

Ptroph'obous.  The  generic  name  of  any  chemical  preparation,  generally  a  powder,  which 
inflames  spontaneously  when  exposed  to  the  air. 

Pt'thoh.    a  genus  of  reptiles. 

Quad'raxt.  From  the  Lat  quadrant ,  a  fourth.  In  geometry,  the  fourlli  part  of  a  circle, 
or  of  its  circumference.  In  attronomy  and  navigation,  an  instrument  for  taking  Uie  alti- 
tudes and  distances  of  the  heavenly  bodies. 

Quadru'maba.  Formed  from  the  Lat  anatitor,  four,  and  manut,  hand.  An  order  of 
mammals  characterised  by  having  four  Lands. 

Quartx.     Germ.     Rock  crystal. 

Qua'ktzite.    a  mineral  resembling  quarts.    Granular  quarts. 

Quartz' osb.    Of  the  nature  of  quarts. 

Quick'silvbr.    Mercury.    A  metal  which  is  fluid  at  ordinary  temperatures. 

Radia'ta.    Lat    Radiates ;  the  name  of  a  class  of  z6ophytes. 

Ba'diatb.    From  the  Lat  radiue,  a  ray ;  furnished  with  rays  j  having  rays. 

Badia'txoh.    The  emission  of  the  rays  of  light,  or  of  heat,  from  a  luminous  or  a  heated 

body. 
Ra'na.    Lat    A  frog.    A  genus  of  reptiles. 
RABDycuLi.    Lat    Plural  of  ranunculus. 
Randn'culus.    From  the  Lat,  rana,  a  frog,  because  the  species  inhabit  humid  places. 

Crow-foot    A  genus  of  plants  of  the  fiimily  of  Ranuncul&oeas. 
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RionricA'TTOir.    A  seoood  diBtUIstioB  of  aleohoUo  Uqaorty  to  free  then  from  ukattter 

imporities  mmj  have  puted  orer  in  tlie  fint. 
Ebfra'ctiok.    From  the  Lat  rt/ractm,  broken.    The  deviation  of  a  ray  of  light  from  ilt 

rectilinear  conne,  oansed  by  passing  through  a  transparent  substance.    The  degree  of 

refraction  depends  npon  the  densi^  of  the  medium  through  whieh  the  ray  of  light 

passes. 
Rbful'gbns.    Lat    Shining  brightly ;  refulgent 
Reg'ulus.    a  term  introduced  by  the  alchemists,  but  now  nearly  obsolete.    It  raeaM^ 

literally,  a  little  king,  and  refers  to  the  metallic  state  as  one  of  royal^,  compared  with 

the  native  earthy  eondition.    Antimony  is  the  only  metal  now  known  by  the  name  of 

regutus. 
Eb'ptiub.    From  the  Lat  reptrr,  to  orawL    A  term  applied  to  any  animal  that  movee 

naturally  upon  its  belly,  or  on  very  short  legs,  as  serpents,  Ac 
Rbpti'lia.    Lat    The  class  of  reptiles :  it  comprises  those  vertebrate  animak  which  hare 

cold  blood,  an  aerial  respiration,  and  an  incomplete  circulation. 
Rbsini'fbba.    Lat    Containing  resin. 
Rbyolu'ta.    Lat    Turned  back ;  tumbled. 
Rho'diuh.    From  the  Or.  rhodou,  a  rose,  on  aoconnt  of  the  rose-red  colour  of  tome  of  its 

salts.    A  meUd  discovered,  in  the  year  1803,  by  Wollaston. 
Rbododb'ndror.    From  the  Gr.  rhodonj  a  rose,  and  dendron,  a  tree.  A  genua  of  plants  of 

the  family  of  Erioicess. 
Rbu9.    a  genus  of  plants  of  the  family  of  Terebinthftcess.    Jlku9  vemix.    The  vamish 

Sumach. 
Rock-salt.    Common  salt,  found  in  masses  or  beds  in  the  new  red  sandstooe. 
Rodbn'tia.    From  the  Lat  rodere,  to  gnaw.    An  order  of  mammals. 
Ro'dents.    Animals  of  the  order  of  Rodentia. 
Ro'SA.    Lat    Rose.    A  genus  of  plants  of  the  fiunlly  of  Rosicem.    Bo0a  stneiuts.    The 

Chinese  rose. 
Ru'ber.    Lat    Red. 
Rubia'ceje.    a  family  of  plants. 
Rr'BT.    A  crystallised  gem,  of  various  shades  of  red. 
Ru'minamt.    An  animal  that  chews  the  cud. 

Rumixa'mtia.    An  order  of  mammals  which  are  characteriied  by  chewing  the  end. 
Ru'uurATE.    To  chew  thocud. 

Sal  ammo'niao.    Muriato  or  hydrochlorato  of  ammonia.    Its  name  is  derived  from  Am- 

mon,  or  the  temple  of  Jupiter  Ammon,  in  £gypt»  near  which  the  salt  was  originally 

made. 
Sa'linbs.    Natural  deposits  of  salt ;  salt-springs. 
Sa'ux.    Lat    Willow.    A  genus  of  plants  of  the  family  of  Saliei'nese.    Sa'lix  lanaftau, 

Woolly  willow. 
Sal  prunel'la.    Fused  nitre  cast  into  cakes  or  balls. 
Salt.    A  combination  of  an  acid  with  one  or  more  bases. 
Saho'lus.    From  the  Celtic,  «an,  salutary,  and  mo*,  pig.    Salutary  to  pigs.    Brook-weed. 

A  genus  of  plants  of  the  family  of  Primul6cea».    Samo'lm  valtra'ndi.    Common  hrook- 

weed. 
San'darach.    a  name  given  by  the  Arabs  to  an  odorous  resin. 
Sa'ndstone.    Any  rock  consisting  of  aggregated  grains  of  sand. 
Sapona'ria.    Lat    Soapy. 
Sa'pphirb.    a  very  hard  gem,  consisting  essentially  of  crystallised  alumina.     It  is  of 

various  colours;  the  blue  variety  being  usually  called  sapphire;  the  rtd,  the  oriental 

ruby ;  the  yelloWf  the  oriental  topas. 
Satura'tiox.    From  the  Lat  tatur,  filled.    In  chtmittrif,  the  union,  combination,  or  im- 
pregnation of  one  body  with  another  by  affinity,  till  the  receiving  body  can  contain  bo 

more ;  or  solution  continued  till  the  solvent  can  contain  no  more. 
Sau'rian.     From  the  Qr.  taurot,  a  lizard.    Applied  to  animals  of  the  lizard  tribe. 
Sad'roid.    From  the  Qr.  taurot,  a  lizard,  and  eidot,  resemblance.    Resembling  a  lisard. 
Sca'ndens.    Lat    Climbing. 
Scbbelb's  6RBBN.    A  pulveruleut  arsenito  of  copper. 
Schist.    From  the  Qr.  §cki$to8f  split    Slate. 
ScHiSTo'SB.    Slaty. 

Sco'lopax..   Lat    A  genus  of  birds ;  a  heron. 

Scopa'ria.    From  teopa,  a  broom.    A  genus  of  plants  of  the  family  of  6crophnIari'ne«. 
Sco'rijb.    Yoloanic  cinders.    Cinders  and  slags  of  basaltic  lavas  of  a  reddish-brown  and 

black  colour. 
ScoRiA'cBOUB.    Of  the  nature  of  sooriss. 
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Sco'biform.    In  form  of  fcoriie. 

Sbavs.     In  fjeolfHjyy  thin  layers  of  strata  interposed  between  others. 
Sb'condary  forma'tion.    In  gtologyj  the  formation  which  is  next  in  order  to  the  transi- 
tion formation. 
Sa'cuLAR.    From  the  Lat.  •eculumy  a  centnrj.    Secular  etfolutiotu  are  tbose  which  take 

place  gradually  and  imperceptibly,  through  a  long  period  of  time.     Secular  tides  ore 

those  which  are  dependent  upon  the  secular  yariation  of  the  moon's  mean  distance  from 

the  earth. 
Sb'dinent.    From  the  Lat.  sedeo,  1  sit    That  which  subsides  or  settles  to  the  bottom  of 

any  liquid. 
BsDncB'MtART.     Belonging  or  relating  to  sediment 
Skb'd-lobb.    The  envelope  in  which  the  seed  of  a  plant  is  formed. 
Ss'lenite.    a  variety  of  gypsum,  or  sulphate  of  lime. 

SBLB'yruv.    A  non-metallic  chemical  element,  discovered  by  Berzelius,  in  1817. 
Sb'pal.    That  part  of  the  calyx  of  a  flower  which  resembles  a  leaf. 
Sb'pia.    a  kind  of  paint  prepared  from  the  cutUe-flsh.    A  genus  of  moUnsks. 
8eptentrioha'u8.    Lat.    Northern. 
SBR'PBNTm!.    A  magnesian  rock  of  rarions  colours,  and  often  speckled  like  a  serpent's 

back.    It  is  generally  dark-green. 
Sbrra'ta.    Lat    Serrate. 

Sbr'ratb.    From  the  Lat  terra,  a  saw.    Toothed  like  a  saw. 
Shaft.    A  cylindrical  hollow  space,  or  pit,  in  mines,  made  for  the  pnrpose  of  extracting 

ores,  Ac. 
Shalb.    An  indurated  slaty  clay,  or  olay-slate. 
Sai'vQLE,    Loose,  water-worn  gravel  and  pebbles. 
Sibr'ra.     Span.    A  mountain -chain. 
Si'lbx.   From  the  Gr.  ckalix,  a  pebble.     The  principal  eonstitnent  of  quartz,  rock-crystal, 

and  other  MilVciout  minerals. 
Si'lica.     Silicions  earth :  the  oxide  of  nlieon  (the  elementary  basis  of  silica),  constituting 

almost  the  whole  of  ailex  or  flint     It  combines  with  many  of  the  metallic  oxides,  and  is 

for  this  reason  sometimes  called  aiWcic  acid. 
Si'licatb.     a  compound  of  silicic  acid  and  a  basis.    Plate-gla»$  and  window-glane  are 

silicates  of  soda  and  potossa;  and  Jlint-glaia  is  a  similar  compound,  with  a  large  addi- 

Uon  of  silicate  of  lead. 
SiLi'ciFiED.    Petrified  or  mineralized  by  silicious  earth. 
SiLi'cious.    Containing  silica. 

c!!*t™'''  I     The  metalloid  which  forms  the  basU  of  sUica. 

OIL'ICON.     j 

Silt.    The  name  given  to  the  sand,  clay,  and  earth,  which  accumulate  in  running  waters. 

Silu'rian  system,  a  series  of  rocks  formerly  known  as  the  greywacke  aeries.  So  called 
after  the  Siluret  or  Siluri,  the  ancient  Britons  who  inhabited  the  region  where  these' 
strata  are  most  distinctly  developed.    They  are  entirely  of  marine  origin. 

Silu'rvs.    Lat    A  genus  of  fishes  of  the  family  of  Siluridse. 

Sil'va.    a  forest,  or  woods. 

Snc'TBR.  Qerm.  A  scale.  Caleareoua  tinier  is  a  variety  of  carbonate  of  lime,  composed 
of  successive  concentric  layers.    Silicious  sinter  is.a  variety  of  common  opaL 

SiPHo'inA.    A  genus  of  plants  of  the  family  of  Euphorbiiceto. 

Slatb.    a  well-known  rock,  which  is  divisible  into  thin  plates  or  layers. 

Smel'ttho.  The  operation  by  which  the  ores  of  iron,  copper,  lead,  Ac,  are  reduced  to  the 
metallic  state. 

So'lar  sPBC'TRcnr.  Lat  Spectrum,  an  image.  In  optics,  the  name  given  to  an  elongated 
image  of  the  sun  formed  on  a  wall  or  screen  by  a  beam  of  undecomposed  light,  received 
through  a  small  hole,  and  refracted  by  a  prism. 

Solfata'ra.    Italian.    A  volcanic  vent,  emitting  sulphur  and  sulphurous  compounds. 

Spar.  (Germ.  Spath,)  Applied  to  certain  crystallized  mineral  substances,  which  easily 
break  into  cubic,  prismatic,  or  other  forms. 

Spar'rt.    Of  the  nature  of  spar. 

Spb'cibs.  a  kind ;  a  subdivision  of  genus.  According  to  Dr.  Morton,  a  primordial  type. 
"An  animal/'  says  Mr.  John  Cassin,  "which  constantly  perpetuates  its  kind,  or,  in  other 
words,  produces  itself  either  exactly,  or  within  a  demonstrable  range  of  variation,  is  a 
species."  Extinct  species  is  a  term  applied  to  those  kinds  of  organized  beings,  whetber 
plants  or  animals,  which  are  not  found  living  upon  the  face  of  the  earth. 

Speci'fic.    Relating  to  species. 

SpEcfpic  weight,  or  speci'fic  gra'vtty.  The  relative  weight  of  one  body  with  that  of 
another  of  equal  volume. 
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Specio'sum.  V     Lat.    Handsome.    A  word  used  as  a  specific  name. 

Spbcio'sus.  j 

Bte'cvlar  iROif.    A  kind  of  iron  ore  of  granular  straotnre,  and  metallio  lostre,  lometimef 

shining. 
Spbota'bilis.    Lat    Visible,  remarkable,  notable. 
Speo'dlum  mbtal.    An  alloy  of  copper  and  tin. 
Spica'ta.    Lat    Haying  spikes ;  eared  like  oom. 
Spibe'llb,  or  spinb'l.    Fr.    A  sub-species  of  ruby. 
Spibjb'a.    a  genus  of  plants  of  the  family  of  Rosicess. 
Spi'rit  op  AMMo'mA.    Properly  speaking,  alcohol  combined  with  ammoni'aeal  gas;  but 

the  term  is  often  applied  to  water  of  ammonia. 
Spi'rit  of  winb.    AlcohoL 

Spores.    The  seeds  of  lichens,  and  orypt6gamous  plants. 
Sporu'les.    The  diminutive  of  spores. 
Spcsi A'CEOUS.    From  the  Lat  «piima,  foam.    Foamy. 
Sta'itbn.    Lat    The  male  apparatus  of  a  flower. 
Starch.    A  vegetable  substance  which  exists  in  many  tuberous  roots,  the  stalks  of  palms, 

and  in  the  seeds  of  the  cereal  grasses. 
Stb'atite.    a  mineral  of  the  magnesian  &mily.    It  consists  of,  silica  44^  magnesia  44, 

alumina  2,  iron  7*3,  manganese  1*5,  chromium  2,  with  a  trace  of  lime. 
Steppe.    Fr.  ft-om  the  Lat  ttipet,  a  landmark.    A  term  applied  to  the  savannas  of  Tar« 

tary,  of  the  Crimea,  Ac,  and  salt  deserts  of  Northern  Asia.    A  level  waste,  destitate  of 

trees :  a  prairie. 
Sti'oha.    The  superior,  terminating  part  of  the  pistil  of  a  flower. 
Stra'ta.    Lat    Plural  of  Hratvm,  a  layer,  a  bed. 
Stratifica'tiob.    An  arrangement  in  beds  or  layers. 
Stra'tified.    Arranged  in  strata. 
Stra'tuh.    Lat    In  geology,  a  bed  of  sedimentary  rock. 
Stba'tub.    a  kind  of  cloud:  it  consists  of  horisontal  layers,  and  includes  fogs  and  mists; 

its  under  surface  usually  rests  upon  the  land  or  sea,  and  it  is  therefore  the  lowest  of  the 

clouds. 
Stbi'jd.    Lat    Diminutive  channels  or  creases. 
Stria'ta.    Lat     Striated  ;  marked  with  stria). 

Stron'tia.     One  of  the  alkaline  earths,  of  which  ttrontiuwt  is  the  metallic  basis. 
Stron'tium.    a  metalloid  found  in  the  earth  called  strontia. 
Stru'trio.    Lat    An  ostrich.    A  genus  of  birds. 
Stru'tbious.     Of  the  nature  of  an  ostrich. 
STRTon'ifos.    A  genus  of  plants  of  the  family  of  Apocy'nese.    Stryeh'not  toxiea'ria.    The 

poison  strychnos.     The  Nux  Vomica  is  the  seed  of  a  plant  of  this  genus. 
Subliua'tion.    The  process  by  which  volatile  substances  are  raised  by  boat,  and  a^ua 

oondensed  into  the  solid  form.    The  substances  so  obtained  are  called  tubUimate*, 
Sub'salt.    a  salt  in  which  the  base  is  not  saturated  with  acid;  as  subacetate  of  lead. 
Sub'soil.    An  under  soil. 

Substra'ta.    Lat    Plural  of  9uh9tratum,  an  under  layer  or  bed. 
Sn'oAR  OF  LEAD.    AocUte  of  lead. 

Sul'phatb.    Any  compound  of  sulphuric  acid  with  a  salifiable  base. 
ScL^PHDRBT.    A  compound  of  sulphur  with  another  solid,  as  with  iron,  forming  nUpkmni 

of  iron, 
Sul'pruretted.    Containing  sulphur;  as,  hydrogen  containing  sulphur  is  called  solphor- 

etted  hydrogen. 
Supb'rba.    Lat    Superb,  elegant 

Sycov o'rus.    Lat    The  Sycamore ;  applied  also  as  a  specific  name. 
Sy'enite  and  si'ehitb.    A  granite  rock  from  Syene  or  Siena,  in  Egypt    It  eomusta  of 

quartz,  feldspar,  and  hornblende.    It  is  tougher  than  granite. 
Stl'via.    Name  of  a  genus  of  birds. 
Syxobnb'sia.    From  the  Gr.  saa,  together,  and  geinomai,  to  grow.    Linnssan  name  of  a 

class  of  plants. 
Srif'THESis.    A  Greek  word,  signifying  combination.    It  is  applied  to  the  obemioal  action 

which  unites  dissimilar  bodies  into  a  uniform  compound;  as  sulphuric  acid  and  lime  i&to 

gypsum ;  or  chlorine  and  sodium  into  common  salt 
St'rup.    a  solution  of  sugar  in  water. 

Tan'taluh.    a  metal,  remarkable  for  its  insolubility  in  acids.    Called  also  OoUmbinm, 
Tar'tar.    Called  also  argal  or  araoL   The  crude  bitartrate  of  potxissa,  which  exifts  in  the 
Juice  of  the  grape,  and  is  deposited  from  wines  in  their  fermenting  casks ;  being  preoi- 
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pitated  in  proportion  as  the  alcohol  is  formed,  in  oonseqnenoe  of  its  insolubility  in  that 

liquid. 
Tab'tar  bme'tic.    The  doable  tartrate  of  antimonj  and  potassa. 
Telssco'pic.    Relating  to  the  telescope ;  telescopic  objects  are  those  which  may  be  seen 

by  the  aid  of  a  telescope. 
Tellu'biuh.    a  rare  metal,  found  in  the  gold  mines  of  Transylvania. 
Tem'pbbature.    a  definite  degree  of  sensible  heat 
Tehpora'ria.    Lat    Temporary ;  relating  to  time. 
Te'nax.    Lat.    Tenacious. 
Ter'hes.    a  genus  of  insects  of  the  order  of  Neuroptera,  and  family  of  Termitidas. 

White  ants. 
Ter'ra  japo'i?ica.    An  astringent  medicinal  gum,  obtained  from  the  Acicia  oa'techn. 
GTbb'tiaky  forma'tioit.    a  series  of  sedimentainr  rocks,  which  are  superior  to  the  primary 

and  secondary,  and  distinguished  by  the  fossil  remains  found  in  them. 
Test.    A  chemical  reagent  of  any  kind,  which  indicates,  by  special  characters,  the  nature 

of  any  substance,  simple  or  compound. 
Testa' CEiE.    From  re^fa,  a  shell.    Testiceans  ,*  animals  provided  with  an  external  shelly 

cover,  composed  chiefly  of  carbonate  of  lime. 
Testa'ceous.    Consisting  of  carbonate  of  lime  and  animal  matter. 
Tbstu'do.    Lat.    Tortoise.    A  genus  of  reptiles  of  the  order  of  Chelo'nians. 
The'a.  a  genus  of  plants  of  the  tribe  of  Came'llese.    T?ie'a  bo'hea,  Bohea  tea;  Tlu'a  vi'- 

rid\9y  Green  tea. 
The'i5e.    The  proximate  principle  of  tea. 
Theobro'hine.    a  chemical  principle  found  in  cocoa-beans,  and  identical  with  caffeine 

and  theine,  as  obtained  from  tea  and  coffee.  , 

Ther'hal.    From  the  Gr.  thermoSf  heat.    Warm ;  belonging  or  relating  to  heat 
Thermom'eter.    An  instrument  to  measure  temperature. 
Thori'xa.     One  of  the  earths. 

Tho'ricm.    a  metal  obtained  from  Thori'na,  an  earthy  substance. 
Ti'dal.    Relating  to  tides.     Tidal  wave  is  the  elevation  of  the  water  of  the  ocean,  pro* 

duced  by  the  attraction  of  the  moon. 
Tita'nium.    a  metal  discovered  in  1781,  by  W.  Gregor,  in  a  ferruginous  sand. 
To'pAz.    A  crystallized  pellucid  mineral,  harder  than  quarts;  commonly  of  a  yellow  wine 

colour,  but  it  also  occurs  white,  blue,  and  brown. 
To'rsion  ba'lancb.    See  Balance. 
Tou'rmalinb.    a  mineral  substance,  consisting  of  a  bo'ro-silieate  of  a'lumine,  harder 

than  quartz,  but  not  as  hard  as  topaz. 
Tra'chyte.    From  the  Gr.  trachui,  rough.    A  variety  of  lava.    A  feldspathic  rock,  which 

often  contains  glassy  feldspar  and  hornblende.    When  the  feldspar  crystals  are  thickly 

and  uniformly  disseminated,  it  is  called  trachy'tio  por'pkyry. 
Trap.    From  the  Swedish  trappa,  a  flight  of  stairs,  because  trap-rocki  frequently  occur 

in  large  tabular  masses  rising  one  above  another  like  the  successive  steps  of  a  staircase. 

Applied  to  certain  igneous  rocks  composed  of  feldspar,  augite,  and  hornblende. 
Tra'ppean.    Belonging  to  trap-rocks. 
Tri'as.    From  the  Lat  tret,  three.    Synonym  of  the  triissic  system  of  rocks,  consisting 

of  the  Bunter  eandetein,  the  Muechelkalkf  and  KeupeVf  a  group  of  sandy  marls  of  varie- 
gated colours. 
Tridenta'ta.    Lat    Three-toothed;  having  three  teeth. 
Trigonocb'phalus.    From  the  Gr.  treie,  three,  gonotf  an  angle,  and  kephaUf  head. 

genus  of  very  venomous  serpents.  Tngonoee'phalue  laneeola'tm.  Lance-head  viper. 
TRi'LOBrrE.  From  the  Lat  tree,  three,  and  lobiUf  lobe.  A  genus  of  fossil  crustaceans. 
Tu'ka.  Italian.  A  volcanic  rock,  composed  of  an  agglutination  of  fhigmented  scoriee. 
TuN'o'sTEN.     Swedish.    Heavy  etone,    A  metal  which  is  hard,  white,  brittle,  and  difficnll 

t<>  fuse. 
Tu'rdus.    Lat.    A  thrush.    Name  of  a  genus  of  birds. 
Tur'meric.     The  roots  of  the  Curcuma  longa  and  rotunda,  plants  which  grow  in  the  East 

Indies,  where  it  is  much  employed  in  dyeing  yelloVf,  and  as  a  condiment     The  yellow 

tint  of  turmeric  is  changed  to  a  brown-red  by  alkalies,  alkaline  earths,  subacetate  of 

lead,  and  several  metallic  oxides.    Hence,  it  is  used  as  a  chemical  test 
Tu'rquoisb.  •  a  blue  mineral,  found  in  Persia ;  its  colour  depends  on  the  pretence  of  oxide 

of  copper. 

Uv'bel.    a  form  of  inflorescence,  in  which  several  peduncles  expand  so  as  to  produce  a 

flower  somewhat  resembling  a  parasol  when  open. 
Umbelli'fera.    From  umhiUa,  a  sun-shade,  and  fero,  I  bear.   Name  of  a  family  of  plants. 
Uvbell/ferous.    Bearing  umbels.    Belonging  or  relating  to  the  UmbelUTerse. 
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Unciita'ta.    Lat    From  nnetUt  a  hook.    Hooked ;  haying  hooki. 
Upbeav'al.     The  elevation  of  lands  by  earthquakes. 
Ura'nium.    a  metal  discovered  hj  Klaprotb,  in  1789. 
U'rens.     Lat.    Bnrniog. 
Ursi'nds.    Lat.    Belonging  or  relating  to  bears. 

Va'cucm.    From  the  Lat.  vacuus,  empty.    A  portion  of  space  Toid  of  matter. 

Vaka'dium.  A  silvery-white  metal,  discovered  originally  by  Del  Rio,  in  1801,  bat  not 
admitted  until  1830. 

Vane'ssa.    a  genus  of  butterflies.     Vane'ata  ca'rdui.    The  punted  lady-butterfly. 

Va'pour.  The  state  of  elastic  or  aeriform  fluidity  into  which  any  substance,  naturally 
solid  or  liquid  at  ordinary  temperatures,  may  be  converted  by  the  agency  of  heat. 

Veins.  In  mining,  the  fiseuros  or  rents  in  rocks,  which  are  filled  with  peculiar  mineral 
substances,  most  commonly  metallic  ores. 

Vein'stokes.  Gangues.  The  mineral  substances  which  accompany,  and  fireqnently  en- 
close, the  fbetallio  ores. 

Vxnbni'flua.    Lat    Flowing  with  poison. 

Vene'tian  chalk.    Steatite. 

Ve'nus.    a  planet    Also  the  mythological  and  alchemical  name  of  copper. 

Vervil'ion.    Artificial  cinnabar. 

Vernici^lua.     Lat     Flowing  with  varnish. 

Ver'nix.     Lat.     Varnish. 

Vero'xica.    a  genus  of  plants  of  the  family  of  ScrophularCn^. 

Ver'tebra.  From  the  Lat.  vtrtere,  to  turn.  A  joint  or  bone  of  the  spine.  Ver'tebr^ 
co'lumn,  is  the  spine  or  backbone. 

Ver'tebratk.    Having  vertebras,  or  a  spine. 

Vbr'ticose.    Whorl-like. 

ViLLo'sus.    Lat    Velvety. 

Vi'ridis.    Lat    Qreen. 

Vit'rifibd.    From  the  Lat  vitrum,  glass.    Converted  into  glass. 

Vit'riol.  From  vitrum,  glass.  The  old  chemical,  and  still  the  vulgar,  appellation  of  sri- 
phurio  acid,  and  of  many  of  its  compounds,  which  in  certain  states  have  a  glassy  appear, 
ance.  Thus,  vitriolic  add,  or  oil  of  vitriol,  is  sulphuric  acid ;  blue  vitriol,  sulpbaU  of 
copper ;  green  vitriol,  sulphate  of  iron ;  and  white  vitriol,  sulphate  of  lino. 

Vivi'PARUM.     Lat    Vivi'paroos. 

Volca'nic.    Belonging  or  relating  to  volcanoes. 

Volta'ic.  Applied  to  electricity  produced  after  the  manner  of  Volta,  an  Italian  philosopher. 

Vul'tur  pa'pa.    The  king  of  vultures. 

Wackb.    a  massive  mineral,  intermediate  between  claystone  and  basalt 

Wa'tershbd.    The  general  declivity  of  the  face  of  a  country  which  determines  the  dire»> 

lion  of  the  flowing  of  wat^r. 
Wbald.    Name  of  a  part  of  Kent  and  Surrey,  in  En^and.    The  Wealden  day  and  Feol- 

den  deposit  are  found  in  this  part  of  England. 
White  lead.     Carbonate  of  lead,  or  ceruse, 
WiHB.    The  fermented  juice  of  the  grape. 
WooTZ.    The  Indian  name  of  steel. 
Wort.    The  fermented  infusion  of  malt  or  grains. 

Xamtbox'tluv.   From  the  Qr.  oraNfAof,  yellow,  and  artiZoMy  wood.   Toothache-tree.  AgeaBi 

of  plants  of  the  family  of  Rut^ceao. 
Xera^nthemuh.    From  the  6r.  x^ros,  drj,  and  antkos,  flower.    A  genus  of  plaata  of  the 

family  of  Compo'sitso. 

Yeast.    The  froth  of  fermenting  wort 
Yt'tria.    a  rare  earth. 

Ytt'rium.    a  metal  discovered  by  Wbhler,  in  1828 ;  it  is  of  a  dark-gray  oolonr,  and  brittle. 
Yuc'cA.    Adam's  needle.    A  genus  of  plants  of  the  family  of  Lili&cesD.    It  yields  an  eaoo- 
lent  root 

Zirco'nia.  a  rare  earth,  extracted  from  the  miaerals  liroon  and  hyaeinth.  It  is  aa 
oxide  of  sirooninm. 

ZiRCO'iriDH.     A  metal  found  in  etrconta,  ao  earth,  discovered  by  Elaproth,  in  lV8f. 

Zool'ogy.  From  the  Or.  to'on,  an  animal,  and  logos,  a  disooorse.  That  branch  of  Katnral 
History  which  &eat«  of  animals. 

Zo'ophytb.  From  the  Gr.  Mo*on,  an  animal,  and  phuton,  a  plant  An  animal  widiont 
vertebrte,  or  extremities^  that  attaches  its^  to  solid  bodies,  and  seems  to  live  and  vege- 
tate like  a  plant 
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▲bdouh,  518 
A'bdacent  nerres,  526 
Abnormal  formations,  407 
Ab«olnte  alcohol,  290 
Absorbent  heat,  105 

vewels,  336,  537 

Absorption  of  ammonia  by 
plants,  466 

of  heat,  104 

of  \{^  108 

Acacias,  lemea  ot,  440,  441 
•AcalephsQ,  616 
Acantbopterigii,  593 
Acanthurus,  594 
Acams  gallinse,  606 

;  coleoptratomm,  606 

scabei,  606 

Acaadate  erustaceans,  597 
Accelerated  velooitj,  42 
Accentor  alpinus,  576 
Accipcnser  sturio,  590 

huso,  590 

Acoipitrini,  574 
Accommodation  of  the  eye, 

117 
Acer  saecharinam,  509 
Aceraoese,  509 
Acerlna  cemua,  594 
Acetate  of  alumina,  261 

ammonia,  282 

copper,  269 

lead,  282 

potassa,  282 

Acetic  acid,  282,  305 

,  formula  of,  279 

,  fermentation,  305 

Achseniom,  457 
Acicular  leaves,  438 
Acid,  acetic,  282,  305 

,  antimooic,  272 

,  antimonious,  272 

,  arsenious,  233 

— — ,  boracic,  246 

,  butyric,  292 

,  carbonic,  239 

,  chloric,  226 

,  chlorous,  226 

— ,  chromic,  271 

,  citric,  283 

— — ,  formic,  284 
,  fuUninic,  292 


Acid,  hydroohlorie,  221 

,  hydrocyanic,  245 

,  hydrofluoric,  228 

,  hydrosulphurio,  231 

,  lactic,  284 

,  malic,  283 

,  nitric,  223 

,  nitrous,  223 

,  oleic,  292 

,  oxalic,  283 

,  oxides,  217 

,  phosphoric,  232 

,  phosphorous,  233 

,  prussic,  245 

f  pyroligneous,  311 

,  silicic,  246 

,  stearic,  292,  294 

,  sulphuric,  229 

,  sulphurous,  234 

,  tannic,  283 

,  tartaric,  282 

Acids,  fatty,  284 

,  hydrogen,  220 

,  metallic,  247 

,  organic,  281 

,  oxygen,  217 

Acidulous  waters,  240 
Acinaciform  leaTCS,  438 
Aconite,  513 
Acorn,  490 
Aoom-shell,  570 
Acotyledons,  478,  480 
Acotyledonous  plants,  442 

plants,  stem  of,  431 

Acridium  migrat<tf  ium,  602 
Actinia,  618 

Actinocyclus  senarins,  405 
Actions  of  the  electric  cur- 
rent, 130 
Actual  magnitude,  150 
Acuminate  leaves,  439 
Acute  angle,  143 
Adaptation  of  the  eye,  116 

,  power  of,  117 

Adhesion,  33 
Adiantnm,  482 
Adjutant  stork,  580 
Admiral,  604 
Adularia,  340 
Aeriform  bodies,  S2 
Aeronaota  machaon,  603 


Aerouauta  podaliria,  603 

Aerostatics,  69 

iBtbusa  oynapium,  500 

Affinity,  32,  205 

African  beef-eater,  576 

Agalmatolite,  340 

Agaric,  481 

Agaricus  amanita,  481 

Agate,  331 

Agave  Americana,  486 

Aggregation,  states  of,  29 

Agriculture,  471 

Agrostis,  483 

Aguti,  565 

Ai,  566 

Aids  to  astronomical  obser« 

vation,  142 
Air,  compressibility  of,  30 

f  damp,  93 

,  heat  from,  88 

,  moisture  of,  93 

,  perfect  elasticity  of,  30 

Air-gun,  70 
Air-pump,  74 
Aira  flexuosa,  483 
Alabaster,  258 
Alauda  arvensis,  576 
Albatross,  582 
Albinos,  551 
Albite,  340 
Albumin,  300 

of  blood,  535 

Albuminous  bodies,  299 
Aloa  impennis,  581 
Alcedo,  577 
Alcohol,  290 

hydrometer,  290^ 

Aloyoniam,  618 
Aldebaran,  173 
Alder,  490 
Alg£B,  480 

Alimentary  organs,  530 
Alisma,  484 
AlismacesB,  484 
Alkaline  metals,  226 

plants,  468 

Alkanet,  497 
Alligator,  584 
Allium,  484 
Alloys  of  copper,  268 

,  fusible,  269,  270 
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Allspice,  504 

Alluvial  deposits,  402 

formation,  4D2 

Almond- tree,  506 

AInus,  490 

Aloes,  486 

Alopeourus  pratensiSy  488 

Alpine  rose,  495 

warbler,  576 

Althaea,  510 

Altitude,  equatorial,  163 

polar,  168 

of  solar  light,  161 

of  stars,  164 

Altitudes,  determination  oi^ 
by  the  barometer,  73 

Alum,  260 

,  chrome,  272 

,  Roman,  338 

Alum-slate,  357 

Alum-stone,  338 

Alumina,  260 

f  acetate  of,  261 

f  phosphate  of,  338 

,  silicates  of,  261 

,  sulphate  of,  337 

Aluminite,  337 

Aluminum,  260 

Alums,  337 

Amalgamation  of  gold,  274 

,  process  of,  274 

Amalgams,  272 

Amalgam  for  electrical  ma- 
chines, 272 

Amaryllidacen,  486 

Amaryllis,  486 

Amaryllis  tribe,  486 

Amaurosis,  117 

Amber,  297,  362 

AmentacesB,  490 

American  camel,  569 

crocodile,  584 

lion,  564 

piper,  587 

race,  558 

tiger,  564 

Amethyst,  330 

Amianthus,  337 

Ammonia,  224,  255,  332 

,  acetate  of,  282 

, 'carbonate  of,  256 

,  preparation  of,  256 

AmmoniMlum,  338 

Ammoniaoum,  297 

Ammonium,  254 

,  chloride  of,  256 

Ammonites,  610 

Bucklandii,  394 

nodosus,  392 

varians,  399 

Amodytes,  593 

Ampelis  garrula,  576 

Amphibia,  553,  582 

Amphisbean,  585 

Amplexicaul  leaves,  437 


Amygdaloid,  359,  410 
Amygdaloidal  basalt,  360 
Anabas,  594 
Analoime,  338 
Anarrhichas  lapns,  693 
Anas  boschas,  582 

mollissima,  582 

Anatidffi,  582 
Anatina,  612 

Anatomy  and  organogri^hy, 
419 

and  physiology,  616 

of  insects,  599 

Anchovy,  592 
Anchasa  tinctoria,  497 
Ancient  planets,  194 
Andalusite,  389 
Andromeda,  172 
Anemone,  513 
Angle,  142 

instrument,  145 

of  vision,  160 

Angles  of  crystals,  315 

,  measuring  of,  152 

Angora  goat,  570 
Anhydrite,  290 
Anhydrous  alcohol,  290 

phosphoric  acid,  232 

salts,  221 

Animal  kingdom,   tabular 

view  of,  553 
matter,     products     of 

the    decomposition 

of,  306 

tissue,  517 

Animals,  515 

,  of   classification   and 

description,  552 

,  food  of,  542 

,  fossil,  372 

,  hybemating,  541 

,  invertebrate,  594 

,  light  from,  108 

,  number  of  genera,  652 

,  skeletons  of,  518 

Animalcules,  619 
Anise,  500 
Aniseed  oil,  295 
Annatto,  297 
Annelida,  607 
Annual  layers,  488 

nightshade,  496 

rings,  433 

Annular  cells,  421 

Annulata,  554 

Annulati,  585 

Anoli,  585 

Anolis,  585 

Anoplotherium  oommnne,400 

Anorthite,  840 

Ansor  cinorens,  682 

Ant-eaters,  866 

Ant-bear,  366 

Ant-lion,  602 

Antelope,  Arabian,  570 


Antelope,  common,  570 

,  Indian,  570 

,  swift,  570 

Anterior  optic  chamber,  115 
Antilope,  cervieapra,  570 

dama,  570 

dorcas,  570 

pygmsea,  576 

rubicapra,  570 

Anther,  443,  449 

diadelphous,  449 

monadelphous,  449 

polyadelphous,  449 

sessile,  449 

AnUiers  of  the  geranium,  450 

of  the  pea,  450 

of  St  John's  wort,  450 

Anthoxanthum  odoratimi,4S3 
Anthracite,  239, 312,  313, 387 
Anthrenus  museoram,  600 
Anthus,  576 

Antidot«  for  arsenie,  534 
Antimonic  acid,  272 
Antimony,  272,  849 

,  native,  349 

,  quinque8nlphideof,2T2 

,  red,  349 

,  tartrate  of,  272 

,  teroxide  of,  349 

,  tersulphide  of,  849 

,  white,  349 

Antimonial  nickel,  345 

pyrites,  845 

ochre,  349 

silver,  351 

sulphide  of  copper  aad 

lead,  847 
Antimonious  add,  272 
Antiopa,  604 
Ants,  604 

,  white,  602 

Aorta,  535 
Apatite,  338,  468 
Ape-tribe,  558 
Ape,  showman's,  559 

,  Barbary,  569 

,  common,  559 

,  capuchin,  659 

Apes,  caudate,  559 

f  long-armed,  559 

,  proper,  569 

Apetalffi,  478 
Aphanit^,  359 
Aphrite,  834 

Aphelion  of  the  snn,  170 
Aphrodite,  607 
Apis  meHifiea,  604 
Aplysia  depilans,  611 
Apocynaoese,  498 
Apogee  of  the  moon,  180 
Apollo,  603 
Apparent  horhon,  158 

magnitude^  150 

.  motion  of  the  heftreolj 

bodies,  159 
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Applei,  506 
Approach,  445 
Apricot-moth,  603 
Aptorix  anstralis,  579 
Aqoa-fortis,  224 
Aqn%-reg\fB,  226 
Aqueous  formations,  874, 383 
Ambian  antelope,  570 

papian,  659 

Arabic,  gum,  288 
AracesB,  483 
Aracbnidn,  554, 606 
Arsena  domestiea,  606 
Arc,  diomal,  161 

,  noetamal,  161 

of  ciroamferenee,  146 

Area,  613 

Archangel,  leares  o^  441 
Archill,  297 
Archimedean  serew,  47 
Archimedes,  law  of,  68 
Arctic  circles,  162 

fox,  563 

marine  oow,  572 

penguin,  581 

Aretitis,  562 
Arctomys,  565 
Aroturins,  172 
Ardea  aegretta,  580 
— ^  cinerea,  580 

stellaris,  580 

Area  of  the  circle,  147 

of  the  earth,  155 

Arecca-palm,  488 
Arcnicola,  608 
Argala,  580 

Argentiferons  galena,  273 
Argentine,  268 
Argulus,  597 
Argos  pheasant,  578 
Argyroneta,  606 
Aristoloehiaceie,  492 
Ark-mussel,  613 
Armadillo,  566 
Armed  glomeris,  597 

lizards,  584 

shad,  592 

Arrack,  304 
Arragonite,  334 
Arrangement  of  particles  of 

matter,  32 
Arrow-head,  484 
Arrow-root,  287,  488 
Arrow-shaped  leaves,  438 
Arsenic,  233,  349 

,  antidote  for,  234 

,  bisulphide  of,  349 

,  compounds  of,  233 

,  detection  of,  234 

,  native,  349 

,  oxide  of,  349 

,  sulphide  of,  234 

,  tersulpbide  of;  349 

Arsenical  cobalt,  344,  349 
cobalt  pjrites,  344 


Arsenical  Iron,  344,  849 

nickel,  349 

nickel,  red,  346 

nickel,  white,  345 

Arsenlous  acid,  233 

,  test  for,  234 

Arseniate    of  protoxide    of 

copper,  269 
Arseniates  of  copper,  346 
Arsenite  of  copper,  269 
Artemisia,  499 
Arterial  blood,  536 
Arteries,  534,  535 

,  carotid,  535 

,  subclavian,  635 

Artery,  parotid,  531 

,  pulmonary,  538 

,  radial,  536 

,  renal,  546 

Artesian  wells,  413 
Artichoke,  499 

f  Jerusalem,  499 

,  sub-tribe,  499 

Artificial  organic  bases,  286 

magnet,  133 

precious  stones,  255 

Artocarpus,  499 
Arum  tribe,  483 
Arundo  donax,  427,  483 

phragmitis,  483 

Asbestos,  337 

Aflcaris  lumbricoides,  615 

vermicularis,  615 

Ascension,  right,  166 
Asclepias,  498 
Ash,  498 

of  bones,  232 

,  soda,  253 

Ash-moth,  603 

Ashes  of  plants,  composition 
of,  467 

of  wood,  251 

Asparagus  stone,  333 

tribe,  484 

AspariginceD,  484 
Asperula,  500 
Asphalt,  312 
Asphaltum,  852,  357 
Aspidium  filix-mas,  482 
Aspidonectes,  584 
Asplenium,  482 
Assafoetida,  502 
Ass,  wild,  568 
Assimilation  by  plants,  463, 

464 
Astacus  fluviatilis,  597 

marinns,  597 

Asterias,  615 
Asteroids,  200 
Asters,  China,  499 
Astragalus,  522 
Astronomy,  45,  139 

,  horizon  of,  159 

Astronomical     observation, 
aids  to,  164 


Astronomical     pbenomena^ 

general,  155 

,  special,  174 

Atair,  174 
Ateles,  559 
Atlantic  sea-cow,  572 
Atmosphere,  71 

,  blueness  of,  119 

,  composition   of,  216, 

223 
,  density  of  at  different 

heights,  73 

of  the  moon,  186 

,  pressure  of,  72 

Atmospheric  electricity,  128 
Atoms,  29 

Atomic  weights,  210 
Atropa  belladonna,  496 
Attar-of-roses,  506 
Attraction,  32 

,  capillary,  34 

,  chemical,  205 

,  magnetic,  133 

,  mutual,  31 

,  phenomena  of,  31,  33 

Auditory  nerves,  526 
Angites,  336 
Augite-porphyry,  359 
Augite-rock,  357 
Auk9,  waddling,  581 
AurnntinccsB,  510 
Auricle,  537 
Auriculate  leaves,  440 
Auriga,  173 
Aurora  Borealis,  138 
Autumnal  equinox,  160, 179 
Avanturine,  331 
Avena,  483 
Aves,  553,  572 
Avicula  socialis,  392 
Axillary  buds,  443 

flowers,  452 

Axils  of  leaves,  435 

of  plants,  435 

Axinite,  341 

Axis  of  crystals,  315 

,  principal,  315 

,  secondary,  315 

,  obliquity  of  the  earth's, 

177 

,  ascending,  428 

,  descending,  428 

of  inflorescence,  451 

of  plants,  428 

Axolotl,  588 
Azaleas,  495 
Azimuth,  164 
Azure  copper  ore,  346 

Bacillabia  vulgaris,  405 
Back,  vertebras  of,  519 
Bacon-maggot,  600 
Bad  conductors  of  heat^  108 
Badger,  562 
Balance,  88 
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Bftlanoe-wbeely  68 

Balanofl,  597 
Balistes  monoceros,  591 
Balloon,  hot-air,  90 
Babam  of  Tolu,  508 
Bamboo,  483 
Bambosa,  483 
Banana,  488 

tribe,  488 

Band,  endless,  54 
Bank  swallow,  408 
Banyan-tree,  429 
Baobob-tree,  472 
Barbary  ape,  559 
Barbel,  592 
Barium,  259,  834 
Bar-iron,  264 
Bark,  433,  434 
Bark  beetle,  601 
Barley,  483 
Barn  owl,  575 
Barnacle,  597 
Barometer,  72,  73 

,  determining     heights 

by,  73 
Baryta,  carbonate  of,  335 

,  nitrate  of,  259 

,  sulphate  of,  259,  834 

Bark,  Peruvian,  500 
Barred  cells,  421 
Basalt,  360 

f  amygdaloidal,  860 

,  common,  360 

,  porous,  360 

Basalt-eonglomerate,  362 
Basaltio  columns  of  Fingal's 

cave,  365 
of  the  river  Volant  in 

Ard^che,  412 

of  Arran,  411 

gtoup,  411 

lava,  361 

Basanite,  360 
Base,  212 
Bases,  212,  217 

,  organic,  285 

,  vegetable,  285 

Basic  oxides,  217 
Basiliscus  mitratus,  585 
Basilisk,  crested,  585 
Bast,  433 
Bast-cells,  426 
Bat  tribe,  560 
Batrachise,  537 
Batracbian  reptiles,  587 
Bats,  common,  561 

,  greater  horse-shoe,  561 

,  harpy,  561 

,  hastate- crested,  661 

,  lesser  borso-shoe,  561 

,  nasal.Ieaf,  560 

,  red,  561 

Battery,  DanioU'i  constant, 

131 


Battery,  eleetrie,  IM 

,  Grove's,  132 

,  Smee's,  132 

Beaked  cbelmon,  694 

Beam,  60 

of  the  oso^iement,  60 

Bean,  506 

,  blossom  of,  440 

Beans  of  St  IgnatinB,  408 

Bear,  black,  562 

f  brown,  563 

,  cavern,  406 

,  great  (Astr.)>  172 

,  little  (Astr.),  172 

,  Polar,  562 

,  white,  562 

Bearded  griffin,  574 

groundling,  592 

Beaver,  565 

Bee-eater,  577 

Bee-orchis,  489 

Beech,  490 

Beef-eater,  AMean,  576 

Beer,  305 

Bees,  605 

Beet,  490 

Beetle  bark,  601 

tribe,  600 

BeeUes,  bark,  601 

,  beech,  601 

,  bombardier,  600 

,  boring,  600 

f  carpenter,  601 

,  carrion,  600 

f  common,  600 

,  dung,  600 

,  leaping,  600 

,  museum,  600 

,  short-winged,  600 

,  stag,  600 

,  vine,  601 

,  water,  600 

Beet-root  sugar,  289 

Begonia,  leaves  of,  438 

Belemnites,  610  , 

mucronatas,  399 

Bell,  67 

,  diving,  29 

Bell  metal,  268 

Bellerophon  hinlens,  391 

Bengal  white  fire,  234 

Bent-ipass,  483 

Berenice's  hair,  617 

Bergamot  oil,  295 

Bernhard*s  crab,  597 

Berries,  Persian,  297 

,  yellow,  297 

Berry,  457 

Beteigeute,  173 

Bethlehem,  star  o^  485 

Betula,  490 

Bevelled  wheel,  56 
I  Biborate  of  soda,  246 

Bicarbide  of  nitrogen,  245 
I  Biela's  comet,  199 


Bae,  532 
Bilberry,  495 
Bimana,  557 
Binary  stars,  200 
Bind-weed  tribe,  497 
Binoxide  of  manfanaM^  %V(, 

844 

of  nitrogen,  223 

—  of  tin,  848 
Bipinnate  leaves,  440 
Birch,  490 
Bird,  seeretary,  676 
Bird-spider,  606 
Birds,  553,  572 

,  migratory,  672 

of  Paradise,  67* 

,  resident,  572 

,  singing,  676 

,  tabular    arrangaBUHI 

0^678 
Burd's  nests,  escalanl,  6Ttf 
Birrhus,  600 
Bismuth,  269 

,  blende,  847 

,  native,  847 

nickel  pyrites,  S46 

ochre,  347 

,  sesquisulphide  U,  S47 

,  sesquioxide  of,  347 

Bismuthic  silver,  850 

sulphide  of  oopper,  34Y 

Bison,  570 

Bisulphide  of  arsenie,  849 

of  carbon,  245 

of  iron.  266 

Bitartrate  of  potaesa,  282 
Bitemate  leaves,  441 
Bitter  almond  oU,  296 
Bittern,  580 
Bitumen,  352 
Bituminous  marl,  86S 

marl-eUte,  891 

Black-bird,  576 
Black  bodies,  108 
Black-ca]),  575 
Black  glass,  255 
Bladder,  518 
Bladder-snail,  611 
Blade-bone,  521 
Blast  furnace,  268 
Bleach  ing4)owder,  268 
Bleak,  592 
Blende,  bismuth,  847 

,  manganese,  844 

,  line,  348 

Blind  worm,  586 
Blindness,  117 
Blocks,  erratic,  407 
Blood,  534 

,  arterial,  586 

,  oiroulatioB  of,  637 

,  ooagulum  of,  800 

,  dragonis,  297 

,  effect   of  respiraUMi 

upon,  640 
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Blood,  fat  of,  535 

,  saline  matter  ot,  585 

,  temperatare  of,  541 

,  venous,  536 

Blood-globules,  534 

Blood-letting,  536 

Blossom,  435,  446 

of  the  bean,  449 

of  the  pea,  449 

Bloesom-ehafer,  600 

Blossoms,  epigynous,  451 

,  h7pog3mou8,  451 

,  perigynous,  451 

,  terminal,  452 

Blowpipe,  322 

flame,  324 

Blue,  119 

glass,  255 

,  Prussian,  267 

vitriol,  269 

BlnenesB  of  the  atmosphere, 
119 

Boa  constrictor,  586 

Boa,  marine,  586 

,  tiger,  586 

Boatswain,  blue,  594 

Bodies,  a^'riform,  32 

,  apparent  motion  of  the 

heavenly,  159 

,  black,  108 

,  classification  of,  169 

,  compound,  204 

,  compressibility  of  por- 
ous, 30 

,  distance   of  the   hea- 
venly, 153 
,  elastic,  30 

,  electric,  122 

,  expansion  of,  by  heat, 
87 

,  falling  of,  85 

,  falling  of,  in  vacuum, 

36 

,  gaseous,  75 

,  highly  elastic,  31 

,  insulated,  123 

,  law  of  falling,  86 

,  liquid,  29 

,  luminous,  108 

— ,  magnitude  of,  153 

,  method  of  comparing 

cohesion  in,  33 

,  neutral,  211,  212 

,  non-elastic,  31 

,  non-electric,  122 

,  non-Inminons,  108 

,  passage     of     sound 

through,  84 

'-,  porous,  30 

,  reifistanco  of  the  air  to 

falling,  36 

,  solid,  29 

,  translucent,  111 

,  transparent.  111 

,  volatile,  90 

42 


Bog  iron-ore,  404 
Bohemian  crystal  glass,  254 

wax-wing,  576 

Boiler,  steam,  97 
Boiling  stones,  338 
Bole,  339 
Boletus,  481 
Bombardier  beetle,  600 
Bombina,  588 
Bombina  obstetricans,  588 
Bombus,  605 
Bombyx  antiqua,  603 

atlas,  604 

ciya,  603 

ohrysorhoea,  603 

gognostigma,  603 

monacba,  608 

mori,  604 

-^  neustria,  603 

pavonia,  603 

pini,  603 

piniperda,  603 

processionea,  608 

Bone-ash,  232 
Bone  breccia,  361 

charcoal,  238 

,  superior  maxillary,  522 

Bones,  517,  518 

,  ethmoid,  522 

,  ft-ontal,  522 

,  lachrymal,  522 

,  maxillary,  522 

,  nasal,  522 

,  parietal,  622 

,  sphenoid,  622 

,  structure  of,  238 

— — ,  temporal,  522 

,  turbinated,  549 

,  vomer,  622 

Bones,  cranial,  522 

of  the  head,  522 

of  the  limbs,  521 

of  the  toes,  622 

of  the  trunk,  619 

Bony  pike,  592 

tissues,  517 

Book-scorpion,  606 
Books,  141 
Bootes,  172 
Boracite,  336 
Borago,  497 
BoraginacesB,  497 
Boracio  acid,  247,  328 
Borage  tribe,  497 
Borax,  247,  332 

glasses,  colours  of,  325 

Borers,  49 
Boring  beetle,  600 

worms,  612 

Boron,  247,  328 
Bos  Americanus,  570 
— —  moschatus,  570 

taurus,  570 

urns,  570 

Bot-fly,  605 


Botany,  417 

,  artificial   or   LinnsBtn 

system  of,  474 

,  fossU,  474 

,  natural  system  of,  478 

,  systematic,  473 

Bottle-glass,  264 
BotUe-glass,  green,  264 
BotUe-tit,  576 
Boulders,  407 
Boumanite,  346 
BovidsB,  670 
Bow  of  the  violin,  69 
Box,  491 

stuffing,  88 

Bracts,  436,  462 
Bradypus,  666 
Brain,  427,  525 
Brain-case,  522 
Brain-membrane,  522 
Branchiopoda,  612 
Branchipns,  597 
Brand  animalcules,  619 
Brandy,  290 
Brass,  268 
Braunite,  344 
Braxil-wood,  297 
Bread-fruit  tree,  490 
Bread-tree,  St.  John's,  511 
Breadth,  26 
Breast-bone,  519 
Breast-wheel,  57 
Breathing,  540 
Breccia  verde  d'egitto,  362 
Breccias,  361,  410 
Brimstone-chafer,  601 
Briony,  white,  601 
Briza  medio,  483 
Brocoli,  511 
Brome-grass,  483 
BromeliacesD,  486 
Bromelia  ananas,  486 
Bromide  of  silver,  360 
Bromine,  227 
Bromus  racemosus,  488 
Bronze,  268 
Bronzite,  337 
Broom,  358 
Brown  clay,  261 

coal,  308 

diachylon,  293 

iron-stone,  266 

Buccinum  harpa,  612 
Boceros,  677 
Bucinum,  611 
Buckthorn  tribe,  519 
Buck-wheat  tribe,  492 
Budding,  444 
Buds,  443 

,  axillary,  443 

f  flower,  443 

,  fruit,  443 

,  hybemating,  444 

,  leaf,  443 

Bufialo,  570 
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Bnfo  cioerens,  568 

fascus,  588 

gigas,  588 

Bugs,  601 
Bugloss,  497 
Bulbs,  lateral,  446 
Ball,  173 
Bulla,  611 
Bullfinch,  577 
Bull-frog,  588 
Bunting,  snow,  576 
Buntkupfererz,  346 
Buprestis,  600 
Burning-glass,  104 
Buming-poin^  104 
Bur-reed,  484 
Bustard,  580 
Butcher-bird,  575 
Butter-cups,  513 
Butterflies,  602 
Butterfly  orchis,  489 
Butyric  acid,  292 
Buzzard,  575 

,  moor,  576 

Byttneriaoes,  510 

Cabbage,  511 
Cabbage-butterfly,  603 
Cabbage-owl,  603 
Cabbage-palm,  488 
Cachelot,  672 
Cactacese,  504 
Cactus  coccinelifera,  504 

flagelliformis,  504 

opuntia,  504 

phyllanthoides,  504 

speciosus,  504 

tribe,  504 

Caesalpinia,  507 
Caffeine,  154 
Cajeput-oil,  504 
Caking  coal,  309 
Calamine,  271,  348 
Calamus,  484 
Calcareous  marl,  363 

plants,  468 

sandstone,  362 

spar,  333 

tufa,  334,  402 

Calceolarias,  495 
Calcined  magnesia,  260 
Calcium,  256,  332 

,  chloride  of,  258 

,  fluoride  of,  227 

,  oxide  of,  256 

Caldspar,  257 
Calla,  484 

Callithriz  scinrea,  559 
Calluna  vulgaris,  493 
Calomel,  273 
Calosoma,  600 
Calyx,  447 

,  bilabiate,  447 

,  campanulate,  447 

,  clavate,  447 


Calyx,  cylindrical,  447 

,  fnniculate,  447 

,  globose,  447 

,  irregular,  447 

,  monophyllous,  447 

,  monosepalous,  447 

,  polyphyllous,  447 

,  polysepalous,  447 

,  regular,  447 

,  tubular,  447 

,  turbinate,  447 

,  urceolate,  447 

,  vesiculate,  447 

Calyx-leaves,  447 
Cambium  cells,  420,  424 

layers,  434 

Camel,  569 
Camellia  tribe,  510 
Camelliacefo,  510 
Camelopardalis,  569 
Camelus  bactrianus,  569 

dromedarins,  669 

lama,  589 

Camera  obscura,  114 
Campeachy  wood,  297 
Camphor,  296,  492 
Canadian  flea-wort,  473 
Canary,  577 
Canary -grass,  483 
Cancer,  Tropic  of,  167,  179 
Candles,  294 

,  stearin,  293 

Cane-sugar,  288 
Canine  teeth,  522 
Canis  aureus,  663 

familiaris,  563 

lagopus,  563 

lupus,  563 

major,  173 

vulpes,  663 

Cannabis,  490 
Cannel  coal,  309 
Canores,  575 
Caoutchouc,  296,  490 
Capacity  for  heat,  106 
Capella,  172 
Capellan,  592 
Capercailzie,  578 
Capillary  attraction,  34 

force,  34 

or  hair  tubes,  34 

vessels,  636 

Capitulum,  454 
Capra,  670 

aagagrus,  670 

hircus,  570 

ibex,  570 

Caprella,  697 

Capricorn,  Tropic  of,  167, 

179 
Caprifoliaoe»,  498 
Capri  mulgus,  676 
Capsicum,  497 
Capsule-proper,  466 
Capsular  fruity  466 


Ci^oiiehln  ape,  669 

Capybara,  566 

Carabos,  600 

auratus,  600 

Caraways,  600 

Carbides  of  hydrogen,  241 

Carbon,  234,  328 

,  assimilation  of,  463 

,  bisulphide  of,  246 

f  compounds  of,  239 

,  Afferent  forms  of,  235 

,  nitrogenous,  238 

Carbonate  of  ammonia,  3o6 

baryta,  336 

copper,  269,  340 

iron,  267,  344 

lead,  270,  348 

lime,  257 

magnesia,  260,  335 

manganese,  344 

potassa,  261 

protoxide  of  copper,  269 

protoxide  of  iron,  267 

protoxide  of  lead,  270 

silver,  360 

soda,    preparatio&    of 

from  chloride  of  so- 
dium, 263,  332 

strontia,  336 

zinc,  348 

Carbonic  aoid,  239 

,  assimilation  <^  464 

,  formula  of,  239 

,  liquefaction  and  eolidi- 

fioation  of,  240 

,  preparation  of,  239 

,  properties  of,  240 

Carbonic  oxide,  240 

Carbonisation,  slow,  307 

Cardamoms,  488 

Cardiac  orifice,  630 

Cardinal  points,  160 

Cardium,  612 

Carduus  benediotiu,  499 

Carex,  483 

Cariopse,  456 

Carnation,  611 

Camelian,  246,  330 

Camivora,  661 

Camivoroni  tribe,  661 

Carp,  692 

Carpels,  466 

Carp-loQse,  697 

Carpenter-bee8»  606 

Carpus,  621 

Carrageen  moss,  298 

Carrion-beetle,  600 

Carrion^y,  606 

Carrion -vulture^  674 

Carrot,  600 

Cartilage,  619 

Carthamns,  499 

CaryophyllaoeiB,  611 

CaryophyUea  fiutigiat%  406 

Casein,  301 
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Ciisbmere  goat,  570 
Cassis,  612 
Cassiopeia,  172 
Cassowary,  579 
Cast-iron,  264 
Castanea,  490 
Castor,  173 
Castor  fiber,  565 
Castor-oil,  491 
Castor  and  Pollux,  173 
Castorenm,  565 
Cast-steel,  265 
Casoarias  indioas,  579 
Cat,  564 
Cataract,  117 

,  common,  117 

,  incurable,  117 

Caterpillars,  602 
Caterpillar-wasp,  604 
Catkin,  453 
Cat's-eje,  330 
Caucasian  race,  558 
Caadata,  588 
Caudate  apes,  559 
Cauliflower,  511 
Causeway,  Qiant's,  365 
Caustic  lime,  257 

,  lunar,  274 

,  potassa,  250 

Caria,  565 

Caviare,  591 

Cavities,  Drusio,  318,  356 

Cayman,  584 

CebidsB,  559 

Cebus  oapucinus,  559 

apella,  559 

Cecrops,  597 
Cedar,  489 
Celandine,  512 
Celery,  500 
Celestial  globe,  166 
Celestine,  335 

,  compact,  335 

,  fibrous,  335 

,  radiated,  335 

,  spar,  335 

Cells  of  plants,  420,  421 

,  annular,  421 

,  barred,  421 

,  cambium,  420,  424 

,  contents  of,  422 

,  dotted,  421 

,  functions  of,  422 

f  irregular,  422 

-f  laticiferous,  425 

,  pollen,  442 

,  porous,  421 

,  reticulated,  421 

,  rbaphidian,  422 

,  spiral,  421 

,  stellate,  422 

Cellular  layer,  547 

plants,  424 

sap,  422 

tissue,  420,  425 


Cellular  tisrae  (Zool.),  517 

Celtic  weapons,  404 

Cement,  hydraulic,  363 

,  steel,  265 

Cements,  257 

Centhriscus  soolopaz,  594 

Centigrade  scale,  86 

Centimeter,  27 

Centipedes,  597 

Centre,  146 

of  the  circle,  146 

of  gravity,  51 

Centres,  ganglionic,  517 

Centrifugal  force,  47 

machine,  47 

Centripetal  force,  45 

Cephalopoda,  517 

CephsBlis,  500 

Cerambix,  601 

Ceratites,  393 

Cercopitbecus  sabsdus,  559 

Cerebellum,  525,  529 

Cerebral  convolutions,  525 

nerves,  526 

Cerebrum,  525 

Ceres,  198 

Cerin,  294 

Oerthia,  576 

Cervical  vertebrae,  519 

CervidesB,  569 

Ccrvus  aloes,  569 

capreolus,  569 

dama,  569 

elaphus,  569 

tandarus,  569 

Cestum  veneris,  617 

Cetacea,  571 

Cctonia,  601 

Chabasito,  339 

Chafer,  green,  600 

Chafer-mite,  606 

Chafer-snail,  611 

Chaffinch,  576 

Chalcedony,  330 

Chalk,  334,  397 

,  French,  336 

Chalk-group  fossils,  399 

Chalk-marl,  397 

Chalybeate  waters,  267 

Chama  gigas,  613 

Chamseleo  africanus,  585 

Chamber  of  the  eye,  552 

Chamber-fly,  605 

Chameleon,  585 

,  mineral,  268 

Chamomile,  noble,  499 

oil,  295 

Champignon,  481 

Change  of  condition,  electri- 
city from,  122 

Characters,  physical,  of  mi- 
nerals, 319 

Charadrius,  580 

Charcoal,  animal,  237,  238 

,  bone,  238 


Charcoal,  preparation  of,  236 

,  properties  of,  237 

,  uses  of,  237 

,  wood,  236 

Charidriadse,  580 
Chatterer,  yellow,  576 
Cheese-hopper,  605 
Cheese-mites,  606 
Cheiroptera,  560 
Chelifer,  606 
Chelmon  rostratus,  594 
Chelonia,  583 

esculenta,  584 

mydas,  584 

Chemical  action,   electrioi^ 

from,  131 

,  light  from,  108 

affinity,  205 

combination,  heat  from, 

85 
combination  in  organic 

chemistry,  278 

combination,  208,  211 

combination,      various 

degrees  of,  211 

compounds,  209,  211 

compounds,      general 

properties  of,  211 
constituents     of    food, 

tabular  view  of,  545 

decomposition,  206 

decomposition  by  light, 

277 

formula,  211 

phenomena,  205,  207 

phenomena,  division  of, 

212 
properties  of  minerals, 

322 

symbols,  value  of,  209 

Chemistry,  32,  203 

,  organic,  278 

Chenopodiaceto,  490 
Cherries,  500 
Cherry-fly,  605 
Cherry  gum,  298 
Chest,  521 
Chestnuts,  490 
Chiastolite,  339,  357 
Chicken-tick,  606 
Chicoracere,  499 
Chicory,  499 

sub-tribe,  499 

Chili  saltpetre,  251 
Chimney  swallow,  575 
Chimpanzee,  559 
Chinchilla  lanigcra,  565 
Chinese  wax,  294 
Chiton,  611 

Chlorate  of  potaesa,  252 
Chloric  acid,  226 
Chloride  of  ammonium,  256 

calcium,  258 

copper,  346 

iron,  266 
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Chloride  of  lead,  347 

lime,  258 

magnesium,  259 

mercury,  273 

mercury,  native,  350 

silver,  274,  350 

sodium,  253 

sodium  (Min.),  331 

sodium,  preparation  of 

carbonate    of    soda 

from,  253 

strontium,  259 

Chlorides,  247 
Chlorine,  224 

f  compounds  of,  225 

,  sp.  gr.  of,  224 

f  preparation  of,  225 

.  properties  of,  225 

Chlorite,  342,  357 
Chlorite  slate,  336,  342,  857 
Chloroform,  291 
Chlorophyl,  297,  422 
Chlorous  acid,  226 
Chopping  blade,  50 
Chord,  146 
Chorisantherao,  478 
Chough,  576 

Christopher  gallery  of  Sals- 
berg,  414 
Chromate  of  lead,  272,  348, 

349 

mercury,  272 

potassa,  271 

Chrome  alum,  272 

iron,  844 

iron  ore,  349 

iron-stone,  271 

Chromic  acid,  271 
Chromium,  271,  348 

,  sesquichloride  of,  272 

,  sesquioxide  of,  272, 349 

Chrysoberyl,  342 
CbrysoGolla,  346 
Chrysomelina,  601 
Chrysoprase,  330 
Chyle,  533 
Chyme,  532 
Ciehorium,  499 
Cicindela,  600 
Cieonia,  580 
Cieuta  virosa,  503 
CIdaris  imperialls,  615 
Ciliary  vessels  of  the  eye,  551 
Ciliograda,  616 
Cinchona,  500 
Cinnabar,  273 

,  hepatic,  350 

,  native,  350 

Cinnamon  oil,  295 

tribe,  492 

Circle,  146 

,  area  of  the,  147 

,  centre  of,  146 

,  diameter  of,  146 

,  great,  147 


Circle,  horary,  168 

,  noon,  165 

,  radius  of,  146 

Circles,  arctic,  162 

of  declination,  166 

of  latitude,  157 

Circulation,  organs  of,  534 

of  the  blood,  537 

,  general,  538 

,  pulmonary,  538 

Circulatory  vessels,  534 
Circumference,  146 

,  arc  of,  146 

of  the  earth,  155 

Cirripeda,  597 
Cirrus,  94 
Cirro-cumulus,  94 
Cistela,  601 
Cistudo,  583 
Citric  acid,  288 
Civets,  563 

Classification  of  formations, 
379 

heavenly  bodies,  169 

metals,  249 

minerals,  326 

physical  phenomena,  31 

plants,  473 

Clavicle,  521 

Claw  of  the  corolla,  448 

Clay,  261 

1  common,  339,  383 

,  earthy,  339 

galls,  362 

iron-stone,  344 

— ^,  potters',  339 

J  saline,  363 

slate,  357,  383 

stone,  340 

strata,  397 

Clays,  261,  339,  363 
Clayey  marl,  363 

—  sandstone,  362 
Cleavability,  319 
Clematis,  513 
Climbing  birds,  577 

—  fish,  594 

—  rat,  565 
Clio  borealis,  610 
Clock,  59 

—  animalcules,  619 

—  spring,  59 

—  weight,  59 
Closing-wire,  130 
Clot-bur,  499 
Cloth-moth,  603 
Clouds,  94 

,  dense,  94 

,  feathery,  94 

,  stratified,  94 

Clove,  504 

oil,  295 

Clover,    white,   leaflets   ot, 

438 
Club-moss  tribe,  482 


Clupea  lilosa,  69S 

enohrasiobolus,  502 

harengus,  592 

sardina,  692 

Cluster,  454 
Coagulum,  534 

of  blood,  300 

Coal,  308,  329,  357 

y  brown,  808 

,  cannel,  309 

formation,  387 

gM,  241 

gas,  mannfiactare  of,  241 

,  mineral,  308 

,  purification  of,  220 

sandstone,  887 

Cobalt,  268,  344 

,  arsenical,  80^  349 

bloom,  844 

f  earthy,  345 

,  hydrated  arsenite    o^ 

344 

,  oxide  of,  268 

pyrites,  344 

pyrites,  arsenical,  844 

f  sulphide  of,  844 

,  white,  344 

Cobaltine,  344 

Cobites,  592 

Coocionella  septemponctets, 
601 

Coccus,  601 

cacU,  601 

laoca,  601 

Cocoygial  vertebrae,  619 

Cochineal,  601 

Cock,  domestic,  678 

Cockatoo,  578 

Cocklestairs,  612 

Cockroach,  602 

Cook's  foot-grass,  483 

Cocoa-tree  tribe,  510 

Cooos,  510 

Coco-palm,  510 

Cod,  593 

Coeval  formations,  374 

Coecilia,  588 

Ccelelmlntha,  615 

Coelogeoys,  665 

Coffee,  500 

Coffer-fish,  591 

Cohesion,  32,  319 

f  in  opposition  to  chemS* 

cal  affinity,  207 

,  method  of  comparing^ 

in  different  bodies, 
33 

Cohesive  force,  tendency  of, 
to  arrange  ultimate  parti- 
cles with  regularity,  83 

Coinage,  gold,  269 

,  silver,  268 

Coke,  246,  309 

Colohicum  tribe,  484 

Cold,  70 
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Cold  sones,  106 

Coleoptera,  600 

Collar-bone,  321 

Collared  adder,  686 

Collam,  423 

ColocjDtb,  bitter,  504 

Cologne  pipe-clajy  261 

Colon,  533 

Colophony,  396 

Coloured  fires,  259 

glasses,  255 

Colouring  matters,  297 

Colour    of  blowpipe   flame 
(Min.),  324 

borax  glasses  (Min.),325 

minerals,  320 

Colours,  118 

of  hydrates,  221 

of  metallic  sulphides. 

231 

,  prismatic,  119 

,  rainbow,  119 

Coluber,  586 

flavescens,  586 

natrix,  586 

Colnmba  coronata,  578 

migratoria,  578 

^—  cenas,  578 

palumbus,  578 

risoria,  578 

tartur,  578 

Columbse,  578 

Columbine,  513 

Column,  yertebral,  519 

Colymbus  cristatus,  581 

septentrionalis,  581 

Colymbidss,  581 

Coma  Bercnicis,  617 

Combination,  cause  of^  209 

Combinations,  different  kinds 
of,  208 

of  the  compound  groups 

(Chcm.),  256 

Combined  electricity,  123 

heat,  105 

Combustion,  216 

,  heat  from,  216 

Comb-worms,  607 

Comets,  169, 199 

Comet,  Bella's,  199 

,  Encke's,  199 

,  Bailey's,  199 

,  head  of,  199 

,  tail  of,  199 

Comlrey,  497 

Commensurable    distances, 
149 

Common  metals,  225 

mirrors,  109 

Comparison  of  measures,  28 

weights,  27 

Compass,  134 

Compositffi,  499 

Composition    of   the   atmo- 
sphere, 222 


Composition  of  forces,  44 

Compound  bodies,  204 

groups,  212 

groups,  combinations  of 

the  (Chem.),  278 

radicals,  and  their  com- 
binations, 280 

Compounds,  albuminous,  299 

,  organic,  280 

,  oxygen,  217 

of  arsenic,  233 

of  carbon,  239 

of  chlorine,  225 

of  copper,  269 

of  hydrogen,  220 

of  iron,  266 

of  mercury,  273 

of  nitrogen,  223 

of  potassium,  250 

of  sulphur,  229 

Compressibility,  27,  30 

of  air,  30 

of  metals,  30 

of  porous  bodies,  80 

of  water,  30 

Concaye  lens,  113 

mirrors,      geometrical 

centre  of,  109 

,  optical  axes  of,  109 

,  optical  centre  of,  109 

^,  radius  of,  109 

Concentric  rings,  433 

Conchifera,  612 

Conchylia,  609 

Concord,  83 

Condensation    of   gases   by 
spongy  platinum,  275 

Condenser,  83 

Condor,  574 

Conduction,  magnetism  by, 
135 

of  heat,  103 

,  transmission  by,  103 

of  sound,  81 

Conductors  of  electricity,  122 

of  heat,  103  ^ 

of  lightning,  128 

Condylura,  562 

Cone  (Bot.),  486 

Coneine,  286 

Coney,  565 

Conglomerates,  362 

Conglomerate  sandstone,  362 

Conifene,  489 

Conium  maculatum,  500 

Conjunction,  188 

Connecting  rod,  97 

Consonance,  83 

Constant,  153 

Constellations  of  the  ecliptic, 
172 

and  signs,  181 

Contact,  electricity  of,  128 

,  electricity  from,  134 

1  Continents,  374 


Conns,  612 

Conyallaria  majalis,  484 
Cony  ex  lenses,  double,  112 

i  mirrors,  109 

Conyolutlons,  cerebral,  525 
Conyolyulacese,  497 
Conyolyulus  arvensis,  497 

batatas,  498 

jalapa,  498 

sepium,  497 

Coot,  water,  581 
Copal,  296,  509 

,  fossil,  352 

Copemican  system,  197 
Copernicus,  197 
Cophias,  587 
Copper,  268,  345 

,  acetate  of,  269,  282 

,  alloys  of,  268 

,  arseniate  of  protoxide 

of,  269 

1  arseniates  of,  346 

,  arsenite  of,  269 

1  bismuthic,  sulphide  of, 

346 

,  blue  carbonate  of,  346 

,  carbonate  of,  346 

— -,  carbonate  of  protoxide 

of,  269 

,  chloride  of,  346 

and    lead,    antimonial 

sulphide  of,  346 

,  compounds  of,  269 

,  native,  345 

ore,  azure,  346 

ore,  gray,  347 

,  phosphates  of,  346 

,  protoxide  of,  269 

f  purple,  346 

pyrites,  346 

,  red  oxide  of,  345 

,  silicate  of,  346 

slate,  391 

,  suboxide  of,  345 

,  sulphate  of,  269 

1  sulphate  of  protoxide 

of,  269,  346 

,  sulphide  of,  346 

,  yitreous,  346 

Coprolites,  574 
Corals,  618 
Coral  reefs,  406 

,  red,  618 

snake,  586 

viper,  586 

,  white,  618 

Coriander,  500 
Coris,  560 
Cork,  427 

,  mountain,  337 

Cork-screw,  47 
Cormorant,  582 
Com,  483 

cookie,  511 

flower,  499 
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Corn  moth,  603 
Corns,  547 
Cornea,  115,  551 
Corolla,  alro  of,  448 

,  campanulate,  448 

,  carina  of,  449 

,  gaping,  392 

,  globular,  448 

,  hypocratifonn,  448 

,  irregular,  448 

,  keel  of,  449 

,  labiate-formed,  449 

,  leaflets  of,  448 

,  limb  of,  448 

y  lip  of,  449 

,  lip-shapod,  449 

,  masked,  449 

,  monopetalous,  448 

,  monophyllous,  448 

,  ovate,  448 

y  papilionaceous,  448 

,  personate,  449 

,  polypetalous,  448 

,  polyphyllous,  448 

,  radiate,  448 

,  ringent,  449 

,  rotate,  448 

,  standard  of,  449 

,  throat  of,  449 

,  tubular,  448 

,  urccolate,  448 

,  wings  of,  448 

Corolla  of  the  double  rose, 
449 

of  tho  pink,  449 

of  the  water-lily,  449 

Corrie-an-Lachan,  408 
Corries  of  Arran,  409 
Cortex,  426 

Cortical  layers,  421,  426 
Cotopaxi,  378 
Cotyledon,  435 
Corundum,  260 
Corundums,  337 
Corvinie,  576 
Corvus  corax,  676 

comix,  576 

corone,  576  , 

frugilegus,  576 

monedula,  576 

pica,  576 

Corylus,  490 
Corymb,  454 
Cotton-grass,  483 
Cotton-plant,  510 
Cowberry,  495 
Cow-tree,  490 
Cowrie,  612 
Cowrie-snail,  612 
Crab,  506 
Crabs,  proper,  596 

,  parasitic,  597 

Cranberry,  495 
Crane  (Phys.),  49 
(Zool.),  580 


Crangon,  597 
Cranial  bones,  522 
Cranium,  525 
Crank,  97,  100 
Crank-shafl,  97 
Crater  of  Vesuvius,  877 
Crataegus,  506 
Cray-fish,  597 
Cream  of  tartar,  283 
Creosote,  311 
Cricket,  602 
Crocodile,  American,  584 

of  the  Ganges,  584 

of  the  Nile,  584 

CrocodiluB,  584 

gangeticus,  584 

lucius,  584 

vulgaris,  584 

Crops,  rotation  of,  470 
Crotalus  durissus,  589 

borridus,  689 

Croton  oil,  491 
Cross-stone,  338 
Cross-toad,  588 
Crow,  common,  576 

,  hooded,  576 

,  seed,  576 

Crow-bar,  49 
Crowfoot  tribe,  513 
Crow's  eyes,  498 
Crown  (Bot),  452 

,  imperial,  486 

of  the  teeth,  623 

Crowned  pigeon,  578 
Crucian  carp,  592 
Cruciferw,  511 
Cruciferous  tribe,  511 
Crustacea,  554,  696 

,  shells  of,  257 

Crustaceans,  acandate,  597 
Cryptogamia,  478 
Crystalline  rocks,  357 

forma  of  diamond,  286 

lens,  114 

Crystallisation,  water  of,  221 
CrystalUfed  carbon,  235 
Crystallography,  314 
Crystal-glass,  Bohemian,  364 
Crystals,  33,  314 

,  angles  of,  315 

f  axes  of,  315 

,  edges  of,  314 

,  eflioreseence  of,  221 

,  faces  of,  314 

,  forms  of,  315 

,  planes  of,  314 

f  primary  forms  of,  315 

,  principal  axes  of,  315 

,  secondary  axes  of,  315 

of  snow,  94 

Cuati,  red,  562 

Cube,  315 

Cubic  contents  of  the  sphere, 

147 
Gnbioite,  359 


Cuekoo,  677 

,  honey,  677 

Cucalus  canoms,  577 

indicator,  677 

Cucumber,  604 

Cuourbitaoeae,  504 

Cudbear,  297 

Culex,  606 

Culinary  salt,  224>  26S 

Culm,  430 

Culmination,  inferior,  161 

f  point  of,  160 

of  the  sun,  161 

of  the  stars,  162 

Cumin-oil,  295 
Cumnlo-stratus,  94 
Cumulus,  94 
Cup-snail,  611 
Cupriferous  slate,  368 
Curculio,  601 
Curcuma,  488 
Curiew,  580 
Currants,  604 
Current,  eleotrie,  129 

,  magnetic,  135 

Currents,  19 

,  phenomena  o^  19 

Cnrsores,  679 

Cuscuta,  471 

Cuticle  (Zool.),  647 

Cutis  vera,  646,  647 

Cuttle-flsh,  61 

Cyamns,  597 

Cyanide  of  iron,  2M 

Cyanogen,  245 

Cyolidium,  619 

Cyclopean  granite  walls,  S65 

Cyclostomi,  691 

Cygnns  olor,  682 

Cylinder  watches,  64 

Cylindrical  coral  snake,  686 

Cylindrophis,  68^ 

Cyme,  464 

Cymothea  asilu,  697 

CynarocephalsB,  499 

Cynips  quereus,  604 

Cynoeephalos,  669 

hamadryas,  669 

maimon,  669 

Cyperacea,  483 
Cypnea  moneta,  612 

tigris,  612 

Cypress,  489 
Cyprinus,  692 

albumus,  592 

auratns,  692 

barbatus,  692 

barbns,  592 

earpio,  692 

cerassius,  692 

gobio,  592 

tinea,  592 

Cypris,  597 
Gypselns,  576 
Cystioerei,  616 
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Cytiflns,  509 
Cytoblast,  422 

Dacttlis  glomerata,  483 

Dactyloptera  yolitans,  694 

Daguerreotype  process,  277 

Dahlias,  499 

Daisy,  499 

Damp  ur,  93 

Damson-plum  moth,  603 

Dandelion,  499 

Daniell's    constant    battery, 
131 

Daphne  laareola,  492 

mezereum,  492 

Dark-gray  slate,  357 

Dasyprocta,  565 

Dasypus,  566 

Date-palm,  486 

Datura,  496 

Day,  161 

,  division  of  the,  183 

,  mean   temperature  of, 

106 

,  sidereal,  183 

,  solar,  183 

Dead  nettle,  493 

Death-bead  moth,  603 

Debris,  363 

Decandria,  475 

Decay,  303 

Deciaal  measures,  28 

Decimeter,  27 

Declination,  135 

,  circles  of,  166 

f  of  a  star,  166 

Decomposed  light,  119 

phonolite,  360 

Decomposition,    chemical, 
caused  by  heat,  206 

by  dry  distillation,  311 

by  electricity,  276 

by  light,  277 

of  animal  and  vegetable 

substances ;       pro- 
ducts of,  306 

of  organic  compounds, 

302 

,  spontaneous,  303 

of  light,  119 

Decrease  of  the  force  of  gra- 
vity, law  of,  36 

Decrepitating  salt,  332 

Decrepitation,  323 

Deer  tribe,  569 

,  musk,  569 

,  red,  569 

Degree,  143 

Degrees  of  latitude,  157 

Delphinus,  572 

Deltas,  401 

of  the  Danube,  401 

of  the  Nile,  401 

of  the  Rhine,  401 

Deluge,  406 


Dendrites,  869 

Density,  39 

,  method  of  determining, 

69 
of  the   atmosphere  at 

different  heights,  74 
Deoxidation,  220 
Deposits,  alluvial  and  dilu- 
vial, 401 
Dermestes,  600 
Descriptive  botany,  479 

geology,  355 

Desmidium  apiculosum,  405 
Detection  of  arsenic,  234 
Determination   of   Altitudes 

by  the  barometer,  73 

of  Longitude,  156 

of  Distances,  150 

Devil's  dung,  297 
Dew,  95 
Dextrin,  287 
Diabase,  358 
Diachylon,  brown,  293 

plasters,  293 

Diadelphia,  477 
Diadelphous  anthers,  449 
Diagonal  scale,  149 
Diallage,  337 
Diameter,  146 

of  the  earth,  155 

,  difference    of,    at    the 

equator     and     the 

poles,  38 

of  the  moon,  186 

Diamond,  235,  328 

,  combustion  of,  236 

,  crystalline  forms  of,  235 

Diandria,  475 
Diaphragm,  518,  531 
Diastase,  288,  301 
Dicotyledones,  478 
Dicotyledons,  489 
Dicotyles,  568 
Dictamnus,  509 
Didelphis  marsupialis,  564 
Didue,  579 
Didynamia,  476 
Diethyl-amraonia,  286 
Diff'erence  in  the  diameter  of 

the    earth    at    the 

equator     and     the 

poles,  38 
in  the  oscillations  of  the 

pendulum  at  difi'er- 

ent    parts    of    the 

earth,  37 
Different  kinds  of  combina- 
tions, 208 
Digestion,  organs  of,  518 
Digitalis,  495 
Diluvial  deposits,  401 

formation,  406 

Diminished  images.  111 
Dinotberium  giganteum,  400 
Dioccia,  478 


Diodon,  591 
Diomedea,  582 
Diopside,  337 
Diorite,  359,  410 
Diorite-slate,  359 
Dioscorea,  484 
Dip,  magnetic,  134 

of  strata,  367 

Dipping  syphon,  77 

Dipsacese,  499 

Dipsacus  fullonum,  499 

Diptera,  605 

Dipus,  565 

Direction  and  velocity,  41 

Disc,  eccentric,  100 

,  spots  on  the  sun's,  175 

Discharging  rod,  125 
Discord,  83 

Discovery  of  the  watch,  64 
Disk,  florets  of,  455 

,  nudate,  455 

Dispersing  mirrors.  111 
Distance,  149 

,  determination  of,  150 

of  distinct  vision,  115 

of  the  heavenly  bodies, 

153 
of  the  moon  from  the 

earth,  185 
Distances,    commensurable, 

149 

,  incommensurable,  149 

Disth^ne,  339 
Distillation,  9 

,  dry  (see  Dry),  310 

,  natural  products  of,  312 

Distilled  water,  32 

Distinct  vision,  distance  of, 

115 
Distribution  of  heat,  106 
Diurnal  arc,  161 

peacock's  eye,  604 

phenomena,  161 

Diver,  great  northern,  581 
Diverging  glasses,  113 
Divers,  681 
Diving-bell,  29 
Divisibility,  27,  29 
Division  of  the  earth,  155 

of  the  heavens,  157 

of  the  solar  day,  183 

Dobereiner's  lamp,  275 

Dock,  493 

Dodecahedron,     pentagonal, 

316 

,  rhombic,  316 

Dodecandria,  476 
Dodo,  579 
Doe,  569 
Dog,  663 

of  St,  Bernard,  563 

Dog-bane  tribe,  498 
Dog-crab,  597 
Dog-fish,  589 
Dog-star,  173 
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Dog-Tlolet,  438,  474 
Dolerite,  360 
Doleritic  lava,  361 
Dolomedes,  606 
Dolomite,  336,  357 
Dolphin,  572 
Domestic  cock,  578 
Domestic  crioket»  602 
Donax,  612 
Dorata,  362 
Doris,  611 
Dormouse,  565 
Dorsal  vertebriB,  519 
Double  eonyex  leuses,  112 
Draco  yolans,  585 
Dragon,  172 

flies,  602 

,  flying,  585 

Dragon's  blood,  297 
Drinks,  spirituous,  304 
Dromedary,  569 
Dnisio  cavities,  318,  356 
Dry  distillation,  310 
of  animal  and  vegetable 

matter,  products  of, 

311 

of  coal,  products  of,  311 

rot,  273 

of  wood,  products  of, 

311 
Dry  pile,  129 
Drying  oils,  293 
Dryophis,  686 
Duck- mussel,  612 
Duck,  eider,  582 

,  wild,  582 

Duct,  thoracic,  533 
Ductility  of  gold,  274 

of  meUls,  29 

Ductj,  laticiferous,  420 
Duodecimal  measures,  28 
Duodenum,  532 
Dura  mater,  525 
Duration  of  solar  light,  180 
^—  and  polar  altitude,  table 

of,  179 
Dwarf  antelope,  57d 
Dyeing,  use  of  alumina  in, 

260 
Dyer's  red,  297 
Dynamometer,  42 

Eagle,  174 

,  fern  (Bot),  482 

,  fishing,  574 

,  golden,  574 

,  owl,  575 

,  sea,  574  , 

Ear,  547,  549 

(BoL),  452 

Earth,  155 

,  a  large  magnet,  135 

,  area  of,  155 

—— ,  circumference  of,  155 
,  components  of,  854 


Earth,  contents  o^  155 

,  crust  of,  its  origin  and 

structure,  372 

f  diameter  of,  155 

,  division  of.  155 

,  figure  of,  155 

,  fuller's,  261,  364 

,  heat  of,  106 

,  magnitude  of,  155,  175 

,  moon's  distance  from, 

185 

,  orbit  of  the,  176 

,  poles  of  the,  156 

,  solid  contents  of  the, 

155 

,  superficial  contents  of 

the,  155 

,  temperature  of  the  in- 
terior of,  355 

,  velocity  of,  176 

and  moon,  184 

and  sun,  174 

,  sun,  and  moon,  187 

Earth's  axis,  obliquity  of,  177 

orbit,    eccentricity   of, 

177 

f  position  of,  to  the  plane 

of  the  orbit,  176 

Earths,  metals  of  the  alka- 
line, 249 

Earth-bees,  605 

,  fullers',  261,  364 

,  green,  344 

,  Icmnian,  339 

,  porcelain,  339,  360 

Earth-wax,  352 

Earth-worm,  608 

Earthenware,  262 

Earwig,  602 

East,  160 

Ebb  of  the  tide,  189 

Ebullition,  90,  93 

Echo,  84 

Eclipses,  190 

,  lunar,  190 

,  partial,  191 

,  solar,  191 

,  total,  191 

Ecliptic,  162 

,  constellations   of  the, 

172 

,  plane  of,  162 

Echinodermata,  554,  614 

Echineis,  593 

Echinorynchns,  615 

Echinus  esculentus,  615 

Echium,  497 

Edentata,  565 

Eduction  valve,  98 

Eel,  electric,  593 

,  nine-eyed,  591 

,  river,  593 

,  salamander,  588 

,  sea,  593 

Efliorescence  of  crystals,  221 


Eger,  mineral  walert  o^  M 

Egg-plant,  497 

Egg-snail,  612 

Eifel,  378 

Elais  guineensis,  488 

Elaps  ooraUintM,  586 

Elastic  bodies,  30 

Elasticity,  27,  30 

and  expansion,  law  o^ 

70 

of  gases,  70 

Elater,  600 

Electricity,  122 

,  atmospheric,  128 

,  combined,  123 

f  conductors  of,  122 

,  decomposition  by,  270 

,  frictional,  122 

,  light  from,  122 

,  negative,  123 

,  neutral,  123 

,  non-conductors  of,  122 

,  positive,  123 

,  resinous,  123 

,  vitreous,  123 

by  induction,  123 

from  animals,  122 

from  change  of  condi- 
tion, 122 

from    chemical  action, 

122 

from  contact,  122 

fh>m  friction,  122 

by  contact,  128 

Electricity  and  magnetism, 
relation  of  minerals  to,  321 

Electric  battery,  126 

bodies,  122 

current,  130 

eel,  593 

light,  122 

ray,  590 

shock,  126 

spark,  122 

telegraph,  136 

Electrical  series  of  the  ele- 
ments, 277 

Electrotype  proeess,  277 

Electrifying  machine,  126 

Electro-magnetism,  136 

Electro-metallurgy,  131 

Electrophoms,  124 

Elder,  498 

Ellipse,  147 

Elements,  204 

f  electrical  series  of,  277 

,  metallic,  204 

,  non-metallic,  204 

,  minerals  of  the  non- 
metallic,  327 

,  rarer,  205 

f  tabular  view  of,  205 

Elementary  or  f\indamental 
organs  of  vegetation,  420 

Elephant^  African,  667 
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Elephmot,  Asiatic,  567 
Eleatherobrancbi,  590 
Elk,  569 
Ellipse,  147 

,  eccentricity  of  the,  148 

,  foci  of  the,  148 

,  long  axis  of  the,  147 

,  short  axis  of  the,  147 

Elm,  490 

,  leaves  of,  438 

Elonj^ted  cerebral  process, 

529 
Emarginate  leaves,  439 
Emberiza  citrinella,  576 

hortnlana,  576 

nivalis,  576 

Emerald,  342 
Emery,  260,  337 
Embryo,  458 

(BoL),  443 

Embryo-cells,  442 
Embryo-sac,  453 
Embryonic  leaf,  435 
Emetic  tartar,  272,  283 
Emu,  579 
Emys,  583 

Earopaea,  584 

Enamel,  255 

of  the  teeth,  522 

Encrinites,  615 

moniliformis,  392 

Endive,  499 
Endless  band,  54 
Endosmose,  423,  540 
Engine,  double-acting,  97 

,  fire,  76 

,  high  pressure,  99 

,  low  pressure,  97,  99 

,  locomotive,  99 

,  steam,  95 

English  fiint-glass,  254 

roage,  266 

sulphuric  acid,  230 

Engravings,  bleaching  of,  259 
Enke's  comet,  199 
Enneandria,  476 
Enocoetus  volans,  592 
Entozoa,  554,  615 
Envelopes,  floral,  446 
Epeira  diadema,  606 
Ephemera,  602 
Ephippus,  594 
Epicorollse,  478 
Epidermis  (Zool.),  547 
Epidote,  341,  358 
Epiglottis,  539 
Epigynous  blossoms,  451 
Epilobinm,  511 
Epipetalao,  478 
Epistamineso,  478 
Epsom,  mineral  waters  o^  835 

salts,  259 

Equal-armed  lever,  49 

temperature,    lines   o^ 

472 


Equal  velocity,  41 

Equation  of  time,  183 

Equator,  156 

,  difference  between  the 

diameter  at,  and  the 
poles,  38 

of  the  magne^  134 

Equatorial  altitude,  163 

Equilibrium  and  motion,  31, 
40,48 

of  fluids,  64 

of  forces,  43 

of  gases,  69 

,  position  of,  48 

Equinoxes,  precession  of,  178 

Equinoctial,  160 

line,  160 

Equinox,  autumnal,  143, 179 

,  vernal,  161,  179 

Equisetacese,  432 

Equivalents,  210 

Equus  assinus,  568 

caballus,  568 

quagga,  568 

zebra,  568 

Eranthis,  513 

Ericaceee,  493 

Erinaceus,  561 

Eriophomm,  483 

Ermine,  562 

Erratic  blocks,  407 

Erythrsea,  498 

Escapement,  60 

,  beam  of,  60 

Esox  lucius,  592 

Etching  on  glass,  228 

Ether,  (as  opposed  to  mat- 
ter), 78 

(Phys.),  78 

(Chem.),  292 

,  vibrations  of,  79 

Ethereal  oils,  294 

Ethyl,  281 

f  ammonia,  286 

Ethiopian  race,  558 

Ethmoid  bones,  522 

Etna,  378 

Euastrum  verrucosum,  405^ 

Eunice  gigantea,  607 

Eupatorinese,  499 

Euphorbiaceffi,  490 

Euphrasia,  495 

European  scorpion,  605 

tortoise,  584 

Evaporation,  90 

,  spontaneous,  93 

Evening  peacock's-eye,  603 

primrose,  473 

red,  120 

star,  196 

Everlasting  (Bot),  499 

Excentricity  of  the  ellipse, 
148 

Exhalation,  75 

Expansibility,  27,  81 


Expansion  and  elastioity,  law 

of,  70 

by  heat,  85 

of  bodies  by  heat,  87 

Experiments    of    Otto    von 

Guerike,  75 
Explosive  gas,  220 
Eye,  114,  547,  551 
,  accommodation  of  the, 

117 

,  adaptation  of  the,  117 

,  motor  nerves  of,  626 

Eye-ball,  551 
Eye-bright,  495 
Eye-glass,  114 
Eyes,  red,  551 

Facial  nerves,  526 
Fagus,  490 
Fahl  ore,  346 
Fahrenheit  scale,  86 
Falco  (Bsalon,  575 

? albicella,  574 

butco,  575 

fblvus,  574 

haliretos,  574 

islandicus,  575 

nisus,  675 

palambarius,  675 

rufus,  575 

tinnunculus,  575 

Falcons,  574 

Falling  bodies,  law  of,  36 

,  resistance  of  the  air  to, 

36 

of  bodies,  35 

in  a  vacuum,  36,  75 

Fallow,  470 
False-foots,  585 
Fan-worms,  607 
Fat  of  blood,  535 
Fat-tailed  sheep,  570 
Fata  morgana,  117 
FaU,  284,  292 
Fatty  acids,  284 
FaulU  in  coal  measures,  870 
Fayence  porcelain,  262 
Feathers,  547 
Fcdia  olitoria,  499 
•Felina,  563 
Felis  concolor,  564 

domcstica,  564 

leo,  564 

leopardus,  564 

onca,  564 

pardalis,  564 

pardus,  564 

Felspar,  252,  340 

rocks,  340 

Felsite,  340,  358 
Felt-worm,  607 
Fennel,  500 

oU,  295 

Ferment,  324 
Fermentation,  302 
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Fennentation,  aoetio,  305 

Ferret,  562 

Ferrocyanide  of  poUssiom, 
266 

Ferruginous  sandstone,  362 

Fesone-grass,  4S3 

Festuca  pratensis,  483 

Fibre,  musoalar,  517 

,  nervous,  517 

J  vegetable,  298 

,  woody,  421 

Fibrils,  429 

Fibrin,  300 

of  blood,  635 

Fibrous  arragonite,  334 

Ficus,  490 

elastica,  490 

Field  convolvulus,  497 

Fieldfare,  572,  576 

Field  lark,  576 

poppy,  512 

salad,  499 

slug,  611 

Fig,  490 

Fig-tree  of  Paradise,  488 

Fig-wort  tribe,  495 

Figure  of  the  earth,  155 

Figures,  sound,  83 

Filaments,  449 

Filaria,  615 

Filices,  482 

Final  velocity,  42 

Finches,  576 

Fingal's   Cave,  basaldo  co- 
lumns of,  365 

Fingers,  521 

Fir-moth,  603 

Fir-tribe,  489 

Fire,  green,  260 

f  red,  260 

Fire-damp,  241 

Fire-engine,  76 

Fire-frog,  588 

Fisli,  light  from,  108 

Fishes,  553,  588 

,  blood  of,  588 

,  classification  of,  589 

,  skeleton  of,  589 

f  spawn  of,  589 

Fishing  eagle,  574 

Fixed  stars,  170 

Flame,  colour  of  the  blow- 
pipe, 324 

,  oxidising,  324 

,  reducing,  324 

Flamingo,  580 

Flax  tribe,  511 

Fleas,  605 

Flea-wort,  Canadian,  473 

Flesh,  524 

Flesh-coloured  glass,  255 

Flies,  Spanish,  498 

Flint,  330,  397 

Flint-glass,  English,  254 

Flinty  slate,  330 


Flitter-mouse,  561 
Floral  envelopes,  446 

integuments,  446 

verticils,  446 

verticils,  mutual  rela- 
tion of,  451 
Florets,  454 

of  the  disk,  455 

of  the  ray,  455 

Flow  of  the  tides,  189 
Flowers,  axillary,  452 

,  female,  452 

,  hermaphrodite,  451 

,  male,  451 

,  neutral,  452 

,  sessile,  452 

of  sulphur,  228 

,  terminal,  452 

Flower-buds,  443 
Fluids,  32 

,  equilibrium  of,  64 

,  pressure  of,  65 

Fluor,  compact,  332 

,  earthy,  332 

spar,  227 

Fluoride  of  calcium,  227 
Fluorine,  227 
Flusher,  575 
Flux  of  the  tide,  189 
Fluxes,  324 
Fly  orchis,  489 
Fly-wheel.  56 
Flying  dragon,  585 

fish,  594 

gurnard,  594 

— —  lemur,  564 

pike,  592 

squirrel,  565 

Focal  point,  109 

Foci  of  the  ellipse,  148 

Focus  of  the  len?,  112 

Fodder-grasses,  483 

Fogs,  94 

Follicle,  456 

Food,  digestible,  533 

,  indigestible,  533 

,  preservation  of,  307 

Food  of  animals,  542 

of  plants,  461,  542 

Fools'  parsley,  500 
Foot,  27 

Foot-prints,  hardened,  393 
Foramen,  457 

magnum,  525 

For.ce,  capillary,  34 
,  centrifugal,  47 

f  centripetal,  45 

pump,  76 

,  tangential,  45 

Forces,  27 

,  composition  of,  44 

,  equilibrium  of,  44 

,  parallel,  47 

f  parallelogram  of,  44 

,  resultant  of,  45 


Fordng-pamp,  76 

Forgot-me-no^  497 

Fork  lightning,  127 

Form  and  magnitude,  27 

Form  of  crystals,  first  pri- 
mary, 315 

,  second  primary,  316 

,  third  primary,  317 

,  fourth  primary,  317 

,  fifth  primary,  317 

f  sixth  primary,  318 

of  minerals,  314 

of  ovaries,  455 

,  hemihedral,  316 

of  octohedron,  second- 
ary, 315 

Formic  acid,  284 

Formula,  chemical,  211 

Formations,  abnormal,  407 

,  aqueous,  374,  383 

,  dassifioation  o^  379 

f  coeval,  374 

,  igneous,  407 

,  Neptunic,  374,  383 

f  normal,  383 

,  Plutonic,  374,  407 

,  stratified,  383 

,  systematic  arrangenieDt 

of,  383 

,  volcanic,  374,  407 

Formicse,  604 

Fossil  animals,  372 

botany,  372 

copal,  352 

plants,  372 

Fossils  of  the  ohalk-groap, 
379 

Fossiliferous  limestone,  393 

Fountains,  65 

Fox,  563 

,  Arctic,  563 

Fractures  of  minerals,  319 

Frankfort  black,  237 

Fraxinus,  498 

French  chalk,  336 

frog,  587 

ghiss,  254 

willow  herb,  511 

Friction,  52 

Frictional  electricity,  122 

Frigate-bird,  582 

Frigid  Zones,  180 

Fringilla  canaria,  577 

cannabina,  676 

coelebs,  576 

carduelis,  676 

domestica,  677 

spinus,  677 

Frog.fish,  587 

Frog  tribe,  687 

Frog,  grass,  587 

,  common,  587 

f  glossy,  587 

,  horned,  588 

Frogs,  ecaudate,  587 
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Frogs,  green  tree,  587 

f  taillesB,  587 

Frond  of  ferns,  482 
FroDtal  bones,  523 
Froit,  455 
— ,  capsular,  456 
— ,  compound,  457 
— ,  exterior  forms  of,  455 
— — ,  pomaeeous,  457 
— ,  stone,  457 
Fruit-bads,  443 
Foobsia,  calyx  of,  447 
Fuel,  estimation  of  the  yalne 

of,  309 
Fuels,   Tarious,    comparison 

of,  310 
Fulcrum,  48 
Fulgora,  601 
Fulica  atra,  581 
Full  moon,  188 
Fullers'  earth,  261,  364 
Fulmar,  582 

Fulminating  mercury,  291 
Fulminic  acid,  292 
Fuming  sulphuric  acid,  230 
Function  of  cells  (Bot.),  422 
Fungi,  480 
Fnngiafl,  617 
Fungoid  polypi,  617 
Fungus  of  the  larch,  481 
Fungus-fly,  605 
Fur-moth,  603 
Fusel  oil,  295 
Fusee  of  a  watch,  61 
Fusible  alloys,  271,  347 
Fusibility  of  minerals,  823 
Fustic,  297 
Fusus,  612 

Oabbro,  359 
Gad-fly,  605 
Gadus,  593 

—  ffiglefinus,  593 
lota,  593 

—  merlucius,  598 
— —  morrhua,  593 
Galactodendron,  utile,  490 
Gale,  490 

Galegos,  560 
Galena,  269,  347 
— -,  argentiferous,  273 
Galileo,  197 
Galium,  500 
Galiums,  leaves  of,  439 
Gall-insect,  604 
Gallinacei,  578 
G^Uinula,  581 

—  chloropus,  581 

—  grex,  581 
Gallionella  distans,  405 
Galrani's     experiments    on 

frogs,  529 
Galvanic  pile,  129 

—  process,    gilding    and 

sUvering  by,  277 


Gamboge,  297 
Game-birds,  578 
Gamroarus,  597 
Gammon  mussel,  613 
Ganglia,  517,  526 

,  lower  cervical,  527 
— -,  pectoral,  527 

,  thoracic,  527 

f  upper  cervical,  527 

Gangliar  system,  527 
Ganglionic  centres,  517 
Garden  beetle,  600 

snail,  612 

spider,  606 

Garlic,  484 

Garlic-smelling  toad,  588 
Garnet,  precious,  341 
Garnets,  341,  357,  358 
Gas  from  coal,  241,  243 
Gas,  explosive,  220 
,  illuminating,  241 

,  its  purification,  243 

>  its  uses,  245 

,  laughing,  224 

— ^  manufacture,  243 
—  of  mines,  241 
Gaseous  bodies,  29 
Gases,  32 
— -,  combining  powers  of, 

227 
— ,  density  of,  71 

,  elasticity  of,  70 

,  equilibrium  of,  69 

— ,  expansion  of,  by  heat, 

68 
— ^,  mutual  aflfinity  of,  208 
— ,  repulsion  of,  69 
—t  tension  of,  70 
Gasometer  of  gas-works,  243 
Gasterosteus,  594 
Gasteropoda,  610 
Gastric  juice,  532 

f  artificial,  532 

Gas-works,  gasometer  of,  243 

Gavial,  584 

Gecarcinus,  597 

Gecko,  585 

Gelatin,  801 

— ,  sugar,  302 

1  vegeUble,  298 

Gems,  342 

General  circulation,  538 
General  properties   of   che- 
mical compounds,  211 
General  properties  of  matter, 

27 
Gentian  tribe,  498 
Gentian  acaulis,  498 

lutea,  498 

— ^  verna,  498 
Gentianaces?,  498 
Geodes,  318,  356 
Geology,  313,  314,  353 
^— ,  descriptive,  355 
— ,  systematic,  327 


Geometrical  centre  of  con- 
cave mirrors,  111 
-^—  tortoise,  583 
George-gallery  of  the  Han, 

414 
Geranium,  anthers  of,  450 
Germ,  458 
German  silver,  268,  271 

tinder,  481 

Geysers,  404 
Giant  lobster,  597 

'  mussel,  613 

shark,  589 

toad,  588 

tortoise,  584 

— ^  worm,  584 
Giant's  Causeway,  365 
Gibbons,  559 

Gilding,  by  the  galvanic  pro- 
cess, 277 
Gilled  salamander,  588 
Ginger  tribe,  488 
Girafi'e,  569 
Girdle,  181 

of  Venus,  617 

Githago,  511 
Gizzard,  532 
Glance,  iron,  343 

,  nickel,  345 

Glands,  sub-lingual,  531 
— ,  sub-maxillary,  531 

f  salivary,  581 

Glass,  254 
— ,  burning,  104 
— ,  coloured,  255 
— ,  etching  on,  227 

,  eye,  114 

f  flint,  254 

,  lead,  255 

,  lime,  254 

,  object,  114 
— ^  pearls,  255 

',  painting  on,  255 
— ,  potassa,  254 

',  preparation  of,  254 
— — ,  soda,  254 

,  soluble,  252 

Glasses,   borax,    colours    of, . 

(Min.),  325 
— ,  diverging,  114 
Glass-boat  nautilus,  610 
Glauber  salt,  254 
Glnuberite,  832 
Glaucous  gull,  582 
Glazing  of  porcelain,  262 
Gledc,  575 
Glen  Sannox,  384 
Globe,  157 
Globe,  celestial,  166 

,  terrestrial,  157 

Globular  animalcules,  619 
Glottis,  539 

Glow-worm,  light  from,  108 
Glue,  301 
Gluten,  801 
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Glutton,  563 

Glycerine,  292 

Gnapbalium,  499 

Goat-tribe,  605 

Gneiss,  357,  358,  385 

Gneiss-oonglomerate,  S68 

Gneiss-slate,  357 

Go,  598 

Goat,  570 

Goat-sacker,  575 

Gobius,  593 

Gold,  274,  350 

— — ,  amalgamation  of,  274 

— ^  coinage,  269 

— ,  coinage  of,  275 

— — ,  ductility  of,  274 

fish,  592 

Gold-fly,  green,  606 
Gold  leaf,  275 
— ,  mosaic,  271 
— ,  native,  351 

—  pheasants,  578 
— ,  separation  of,  274 
Golden -crested  wren,  576 

—  plover,  580 
Golden-tailed  moth,  603 
Goldsmith,  600 
Gomphomena  lanceolata,  405 
Good  conductors  of  hea^  103 
Goosander,  581,  582 
Goose,  582 
Gooseberries,  504 
Gooseberry  tribe,  504 
Goose-foot  tribe,  490 
Gorgonocepbalus,  615 
Gossamer  spider,  606 
Gossypium,  510 

Gourd,  504 

tribe,  504 

Goulard's  extract,  282 

Governor,  98 

Graduating  works  of  salt- 
mines, 253 

Graduation  of  thermometer!, 
86 

Graft,  445 

Grafting,  444,  445 

Grain,  silver,  434 

Grallatores,  579 

Graminea),  482 

Gramme,  38 

Granite,  358 

Granite-breccia,'  861 

Granite,  graphic,  858 

— ,  porphyritic,  853 

Granite-group,  407 

Granite-grass,  363 

Granular  gypsum,  838 

Granulite,  858,  408 

Grape  sugar,  288,  289 

—  sugar,  preparation  of 

from  starch,  287 
Graphic  granite,  358 

—  tellurium,  351 
Graphite,  239,  828,  367,  868 


Graphite,  artificial  prepaita- 

tions  of,  289 
Grass-snake,  585 
Grass  tribe,  482 
Grasses,  leaves  of,  438 
Gravedigger,  600 
Gravel,  303 
Gravitation,  32 
Gravity,  30,  39 

,  centre  of,  61 
— ,  law  of  the  decrease  of 

the  force  of,  35 
— — ,  specific,  39 
—  of  minerals,  819 
Gray  clay,  261 
Grayling,  592 
Great  atlas  moth,  604 

bear,  172 

-^—  circle,  147 

wheel  (clockwork),  62 

Green,  118 

bottle-glasi,  254 

fire,  259 

— -  glass,  255 

,  Schwoinfurt,  269 

,  Veronese,  344 

vitriol,  267 

Greensand,  397 

Green-shanks,  580 

Green  -  shining    rose  -  chafer, 

600 
Greenland  whale,  572 
Greenstone,  358 
-^— ,  amygdaloidal,  359 
Greenstone-group,  409 
Greenstone-slate,  358 
Greisen,  358 
Greywacke,  362,  385 
Greywaoke-conglomerate, 

362 
Greywacke-slate,  357, 386 
Greywacke-sandstone,  386 
Griffin,  bearded,  574 
Gristle,  519 
Grobkalk,  400 
Gromwell,  497 
Grossulaoese,  503 
Grotto  del  Carne,  240 
Ground  ivy,  498 
Groundling,  592 
Groups,  compound,  212 

f  simple,  212 

,  peculiar  decomposition 

of  simple  chemical, 
276 
Grouse,  578 

,  hazel,  678 

,  red,  678 

Groves'  battery,  182 
Gruss,  363,  580 
Gryllus,  602 
Gryphites,  610 
Guaiaoom,  609 
Guanaoo,  569 
Goavai,  604 


Gudgeon,  602 
Guiana  water-lilj,  513 
Guillemot,  681 
Guinea  hen,  678 

pig,  566 

Gulls,  582 
Gulo,  562 
Gum,  288 

GunKammoniaoQOi,  604 
Gum-arabic,  60S 
Gum,  cherry,  298 

resins,  297 

Gum-tragacantb,  608 
Gun,  air,  56 

cotton,  298 

metal,  268 

Gunpowder,  252 
Gustatory  nerves,  626 
Gutta  percha,  296 
Gymnotui  eleotricui,  693 
Gynandria,  477 
Gypaetos  barbatuf,  674 
Gypogeraana  seoretariuj,  676 
Gypsum,  288,  382,  367,  892 

,  eflfects  of,  ai  a  maDnre^ 

466 

,  compact,  338 

,  earthy,  333 

,  fibrous,  833 

,  granular,  388 

Gwyniad,  592 

Haddock,  593 
Hsematopos,  680 

mflpes,  680 

Hnmatozylon,  607 
Hail,  94 

storms,  94 

Hair-grass,  488 

Hair  or  capillary  tabee,  34 

Hairs,  modifications  oi^  64S 

Haje  snake,  586 

Hake,  693 

Halicore,  572 

Halious  oarbo,  682 

HaHey^s  comet,  199 

Halmaturus,  664 

Haloids,  247 

Haloid  salts,  247 

Halos,  118 

HsBmatite,  848 

,  fibrous,  843 

,  red,  343 

Hammer,  yellow,  676 

Hammer-headed  shark,  689 

Hamster,  666 

Hand,  621 

Hapale  jaoohus,  660 

Hardness  of  minerals,  810 

,  Mob's  scale  oi^  319 

Hard  soap,  293 

water,  222 

Hare,  666 

,  Cape,  666 

Harmless  snakei^  680 
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Hftrmotome,  838,  859 

Harp,  82 

f  strings  of,  83 

Harp-snail,  612 

Harpy,  675 

Harry-long-legs,  606 

Hart,  569 

Hartshorn,  256 

,  spirit  of,  811 

Harrest-bug,  605 

Harrest-man,  606 

Hansmannite,  844 

Haayne,  340 

Haw-finch,  576 

Hawk,  575 

,  sparrow,  575 

Haws,  506 

Hazel,  490 

Head,  518 

Head,  bones  of,  522 

of  a  comet,  199 

Head-loose,  601 

Heads  of  strata,  867 

Hearing,  organ  of,  549 

tnimpet,  84 

Heart,  518,  535,  537 

,  beating  of,  538 

Heart-mnssel,  612 

Heartsease,  474 

Heat,  31,  79,  84 

,  absorbed,  105 

,  absorption  of,  104 

and  light,  difference  be- 
tween, 108 

,  action  of,  on  minerals, 

822 

— ,  capacity  for,  106 

,  causes  of,  84 

,  combined,  105 

,  eondaction  of,  103 

f  deorease  of  density  by, 

87 

,  disengagement  of,  105 

,  distribution  of,  on  the 

surface  of  the  earth, 
106 

f  expansion  by,  85,  87 

,  expansion  of  gases  by, 

89 

,  expansion  of  liquids  by, 

85 

,  expansion  of  solids  by, 

85 
from  chemical  combina- 
tion, 85 

from  combustion,  85 

from  compression  of  air, 

84 

from  friction,  84 

fVom  the  sun,  85 

,  latent,  165 

,  light  from,  107 

of  the  earth,  85 

f  production  of,  84 

,  radiated,  108 


Heat,  radiation  of,  104 

rays,  103 

,  reflection  of,  104 

,  refraction  of,  104 

,  sensible,  105 

,  specific,  106 

,  transmission  of,  102 

,  Telocity  of,  104 

,  vibrations  of,  84 

Heath,  common,  493 

tribe,  493 

Heavens,  division  of,  157 
Heavenly  bodies  (tee  Bodies), 

159 
bodies,  apparent  motion 

of,  159 
bodies,  classification  of, 

169 

bodies,  distance  of,  153 

bodies,   magnitude    of, 

153 
Heavy  metals,  249 

metals,  minerals  of,  342 

spar,  259,  335 

Heel,  bono  of,  521 
Hodge  convolvulus,  497 
Hedge-hog,  661 
Hedge-bog  fish,  591 
Height,  26 
Heights,  determination  of,  by 

barometer,  73 
Helix  hortensis,  612 

pomatia,  612 

stagnalis,  612 

Hellebore,  black,  613 

,  green,  513 

,  white,  434 

Homanthidinm  arcns,  405 
Hemihedral  forms,  316 
Hemiptera,  601 
Hemlock,  500 

,  water,  503 

Hemp,  490 

agrimony,  sub-tribe,  499 

,  ManUla,  488 

Hens,  578 

Hepatic  cinnabar,  350 
Hepatica,  513 
Heptandria,  476 
Herb-paris,  484 
Hermaphrodite  flowers,  451 
Hermit  crab,  597 
Herodii,  580 
Heron,  common,  580 

,  white,  580 

Herpestes  ichneumon,  668 
Herring,  592 

gull,  582 

Herschel,  200 
Herschol's  telescope,  200 
Heteromera,  600 
Hexandria,  476 
Hexagonal  prism,  818 
Highly  elastic  bodies,  81 
High-pressure  engine,  99 


High  tide,  189 

water,  189 

Hip-hone,  521 
Hippomane,  491 
Hippopotamus,  567 
Hippurites  organisans,  398 
Hips,  506 

Himdo  medicinalis,  608 
Hirundo,  575 

esculenta,  675 

Hoar-frost,  95  \ 

Hollow  mirrors,  109 
Holothuria,  614 

edulis,  614 

Homo  sapiens,  657 
Honey-bees,  604 
Honey-pores,  452 
Honey-stone,  352 
Honey-suckle,  leaves  of,  489 
Honey-suckle  tribe,  498 
Hooded  crow,  576 
Hoopoo,  577 
Hop,  490 

Hopper  (flour-mill),  68 
Horary  circle,  168 
Horizon,  158 

f  apparent,  158 

—  of  astronomy,  168 

>  real,  159 

f  truo,  159 

,  visible,  158 

Horisontal  position,  68 
HombiU,  577 
Hornblende,  387,  357,  358 

rook,  357 

Hornblende-slate,  357 
Homed  frog,  588 

owl,  676 

Hornet,  604 
Horn-pike,  692 
Horns,  547 
Horn-silver,  350 
Horn-stone,  330 
Horse,  568 

,  river,  567 

fly,  606 

funffia,  617 

leech,  608 

Horseman,  594 
Horse-radish,  611 
Horse-tail  tribe,  482 
Hot-air  balloon,  90 
Hot-air  tubes,  99 
Hot  springs  of  loefamd,  404 
House  mouse,  665 
Human  skeleton,  521 
Humble-bee,  606 
Humboldtine,  362 
Humming  bee,  605 

birds,  577 

Humour,  vitreous,  116,  661 
Humus,  364,  464 
Hyacinth,  342,  486 
Hyades,  173 
Hyaena,  563 
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Hjatids,  616 
Hybernating  animals,  541 

buds,  444 

Hydra  grisea,  617 

—  riridis,  617 
Hydrates,  220 
Hydrate  of  lime,  257 
of  potassa,  260 

of  protoxide  of  copper, 

269 
^—  of  protoxide   of  iron, 

266 
of  sesquioxide  of  iron, 

266 
Hydrated    phoaphorio    acid, 

232 

sulphario  add,  229 

Hydraalio  cement,  363 

lime,  363 

mortar,  258 

—  press,  66 
Hydroboracite,  335 
Hydrochaems,  565 
Hydrochloric  acid,  226 
Hydroootyle,  436 

,  leaves  of,  440 

Hydrocyanic  acid,  245 
Hydrofluoric  acid,  228 
Hydrogen  and  oxygen,  assi- 

miUUon  of,  465 

Hydrogen,  218 

acids,  220 

,  carbides  of,  241 

— ,  compounds  of,  220 

,  phosphide  of,  233 

,  phosphoretted,  233 

,  preparation  of,  219 

,  properties  of,  220 

,  sp.  gr.  of,  218 

Hydrometer,  69,  291 

Hydrophane,  331 

Hydrophilus  picens,  600 

Hydropbis,  586 

Hydrostatics,  64 

Hydrosulphuric  acid,  231 

acid,  influence  of,  upon 

heavy  metallic  ox- 
ides, 231 

Hygrometer,  94 

Hyla  arborea,  587 

Hymenoptera,  604 

Hyoscyamus,  496 

Hypersthene,  337, 358 

Hypoeorollap,  478 

Hypogynons  blossoms,  451 

Hypopetalffi,  478 

HypostaminesB,  478 

Hyssop,  493 

Ibis,  580 

Ibis  religiosa,  580 

Iceland  falcon,  575 

,  hot  springs  of,  404 

spar,  334 

Ichneumon,  563 


Ichthyosaurus,  604 
Icosandria,  476 
Idocrase,  341 
Idrialite,  352 
Igneous  formations,  407 
Iguana,  585 
Illuminating  gas,  241 
Ilysia  scytale,  586 
Image,  inverted,  113 
Images,  dispersing,  111 

,  magnified,  110 

Imago,  599 

Impenetrability,  27,  28 
Inarching,  445 
Inch,  28 

Incidence,  angle  of,  94 
Incisor  teeth,  522 
Inclination,  135 
Inclined  plane,  46 
Incommensurable  distances, 

149 
Increase    and  reproduction, 

organs  of  (Bot),  442 
Incrustations,  368 
Indelible  ink,  274 
Indestructibility  of  matter, 

207 
Indian  antelope,  570 

corn,  483 

cress,  436 

marabn,  580 

Indian-rubber,  490 
Indian  scorpion,  605 
Indifferent  substances,  212, 
286 

substance^  nitrogenous, 

299 
Indigo,  297 

plant,  506 

Indistinctly    mixed     rocks, 

363 
Indri,  560 
Induction,  electricity  by,  128 

,  magnetism  by,  134 

Inertia,  27 

Inferior  culmination,  167 

planets,  194 

Inflorescence,  452 

,  compound,  455 

Infusoria,  555,  618 

,  beds  of,  404 

Inhalation,  75 
Ink,  indelible,  274 

,  marking,  274 

,  preparation  of,  283 

spots,  removal  of,  259 

,  sympathetic,  268 

Inoculation  (Bot),  444 
Inorganic  substances,  314 
Insect  metamorphoses,  599 
Insoct-mites,  606 
Insecta,  554,  598 
Insectivora,  561 
Insects,  554 
,  anatomy  of,  599 


Insects,  tab«lar  riew  of  tha 

orders  of;  600 
Insessores,  575 
Instrument,  angle,  144 

,  transit,  165 

Insulated  bodies,  123 
Insulators,  123 
Integuments,  floral,  446 
Intercellular  spaces,  427 
Interference    of   wave    sys- 
tems, 80 
Intermediate  wheel    (clock- 
work), 63 
Intestine,  large,  533 

,  small,  533 

Intestines,  518 
Intumescence,  323 
Inuns  cynomolgus,  559 
Invertebrata,  554,  594 
Inverted  image,  113 
Involucre,  verticilled,  454 
Involucrum,  452 
Iodide  of  nitrogen,  227 

of  silver,  274 

Iodine,  227 
Ipecacuanha,  600 
IridacesB,  486 
Iridescence,  321 
Iris,  551 

florentina,  iSd 

tribe,  486 

Iron,  241,  342 

f  arsenical,  344>  349 

,  bisulphide  of,  266 

,  carbonate  of,  344 

,  carbonate  of  protoxide 

of,  267 

,  chloride  of,  266 

f  chrome,  344 

,  compounds,  266 

,  cyanide  of,  266 

,  detection  of,  in  Uqiud% 

284 

glance,  343 

,  hydrated   sesquioxide 

of,  343 

,  magnetic,  343 

,  meteoric,  342 

mica-slate,  867 

,  micaceous,  343 

,  native,  342 

ore,  blue,  343 

ore,  bog,  404 

ore,  brown,  343 

ore,  chrome,  Z49 

ore,  pea,  343 

ochre,  red,  343 

,  oxalate  of  the  protoxide 

of,  352 

,  oxidulatod,  342 

,  phosphate  of,  343 

,  protoxide  of,  266 

pyrites,  266,  357 

pyrites,  arsenical,  343 

,  reduction  o^  264 
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Iron,  sesqaiozide  of,  266, 343 

slag,  264 

,  sulphate  of  protoxide 

of,  267 

f  sulphide  of,  266 

,  varieties  of,  264 

,  wrought,  264 

Ironstone,  brown,  357 

,  chrome,  271 

,  clay,  243 

,  earthy-brown,  843 

,  fibrous  brown,  343 

,  green,  343 

,  red,  357 

,  spathie,  344 

,  yellow  clay,  843 

Irregular  cells,  422 
Isatis  tinctoria,  511 
Isis  nobilis,  618 
Isodon,  565 
Isopods,  597 
Isothermal  lines,  472 
Itacolumite,  357 
Itch-worm,  615 
Ivory-black,  238 
Ivy,  ground,  493 
Ixodes,  606 

Jackal,  563 
Jackdaw,  576 
Jack-in-the-green,  513 
Jacob's  staff,  173 
Jaguar,  564 
Jalap  plant,  498 

resin,  296 

Jamesonite,  347 
Japan  rose,  509 
Japanese  wax,  294 
Jar,  Leyden,  125 
Jasmin  tribe,  498 
Jasminaceee,  498 
Jasper,  330 
Jatropa  manibot,  491 
Java  sow,  568 
Jaws,  522 
Jay,  576 
Jerboa,  565 

Jerusalem  artichoke,  499 
Jessamine,  498 
Jew's  pitch,  312 
JoruUo,  378 
Juice,  gastric,  532 
Julus,  597 
Jumper,  600 
Juniper,  489 

oil,  295 

Juno,  198 
Jupiter,  196 
Jupiter's  moons,  196 

satellites,  196 

Jura,  394 
Jynx,  578 

Kaleidoscopb,  109 
Kalmias,  495 


Kangaroo,  564 

hare,  564 

rat,  564 

Kaolin,  339 
Keppler's  laws,  198 
Kestrel,  575 
Keuper,  392 

sandstone,  362 

Keys,  49 

Kidney-bean,  506 
Kidneys,  518,  546 

,  artery  of,  546 

Kieselguhr,  405 
Kiln,  lime,  257 

,  potter's,  262 

Kilogramme,  39 
King-crab,  597 
King-cups,  513 
King-fisher,  577 
Kippered  salmon,  591 
Kite,  575 
Kiwi,  579 
Klingstein,  360 
Knap-weed,  499 
Knee-cnp,  521 
Koala,  564 
Kokolite,  337 
Kupfer  nickel,  345 
Kuskus,  564 
Kyanizing  process,  482 

LADIATiB,  493 
Labiate  tribe,  493 
Labradorite,  340 
Laburnum,  508 
Lac  scale-insect,  601 
Lacerta  agilis,  585 

viridis,  585 

Lachrymal  bones,  522 

nerves.  526 

Lactials,  537 
Lactiferous  cells,  425 

ducts,  420 

Lactuca,  499 

virosa,  499 

Lacunar,  427 
Ladies'  hair,  482 

slippers,  489 

Lady-bird,  601 
Lake  Laacher,  378 
Lakes,  260 
Lama,  little,  569 
Lamb's  lettuce,  499 
Lamia  ssdilis,  601 
Lammergeier,  574 
Lamp,  Dobereiner's,  275 
Lamprey,  591 
Lamprillon,  591 
Lamproyon,  591 
Land  crab,  597 

rail,  581 

toad,  588 

tortoise,  588 

Lantern-bearer,  601 
Lantern,  magio,  114 


LanuB  oollurio,  575 

exottbitor,  576 

Lapilli,  361 

Lapwing,  580 

Lapis  lazuli,  262,  840 

Larch,  489 

,  fungus  of,  481 

Large  green  locust,  602 

intestine,  533 

LaridsB,  582 

Lark,  crested,  576 

,  field,  576 

,  heath,  576 

Larkspur,  513 

Larus  argen  talus,  582 

can  us,  582 

glaucus,  582 

Latent  heat,  105 

Lateral  organs,  428 

Latex,  425 

Latbroea,  471 

Latitude,  157 

,  circles  of,  157 

,  degrees  of,  157 

,  parallels  of,  157 

Laughing  gas,  224 

Lauracesff,  492 

Laurel,  506 

water,  245 

Laurus  cam  ph  era,  492 

cassia,  492 

cinnamomum,  492 

nobilis,  492 

Lava,  361,  375,  412 

Lavarets,  592 

Lavender,  493 

oil,  295 

Lavra,  599 

Law  of  Archimedes,  68 

of  expansion  and  elas- 
ticity, 70 

of  reflection  of  light,  109 

Laws,  Keppler's,  198 

,  Newton's,  198 

Layers,  annual,  433 

,  cambium,  434 

,  cortical,  421,  426 

Lazulite,  340 

Lead,  269,  347 

,  aceUte  of,  282 

,  carbonate  of,  348 

,  carbonate  of  protoxide 

of,  270 

,  chloride  of,  347 

,  ohromate  of,  272,  348, 

349 

,  colic,  270 

glass,  254 

,  native,  347 

ochre,  347 

ore,  white,  348 

plasters,  293 

,  protoxide  of,  270 

,  sugar  of,  282 

,  sulphate  of,  347 
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Lead,  milpbide  9t,  847 

,  sulphide  of  antimony 

and,  347 

,  white,  270 

Leaf,  axil  of,  435 

,  embryonic,  435 

,  cleft,  440 

,  orenated,  439 

,  crenulate,  439 

,  dentate,  489 

,  divided,  440 

,  doubly  Bcrrate,  439 

,  entire,  439 

,  flexuous,  439 

,  gold,  274 

,  green,  297 

,  serrate,  439 

,  silver,  spurioasy  270 

— ,  sinuous,  439 
,  shentbing,  435 

,  spurious,  268 

Leaf-stalk,  435 
Leaf-chafer,  600 
Leaf-fly,  605 
Leaf-Aretters,  601 
Leaf-margin,  439 
Leaping  beetle,  600 

spider,  606 

Leather,  302 
Leaven,  304 
Leaves,  435 
— ,  aeicular,  438 

,  aoinaciform,  438 

,  acnmiuate,  439 

f  amplexicaul,  437 

,  arrow-shaped,  438 

,  anrioulate,  440 

,  bipinnate,  440 

,  bitemate,  441 

— ,  compound,  438,  440 

,  conical,  438 

,  connate,  439 

,  cordate,  438 

,  ouneate,  438 

,  curled,  439 

,  decompound,  441 

,  digiUte,  436,  440 

f  dolabriform,  439 

,  egg-shaped,  438 

,  elliptical,  438 

,  emarginate,  439 

— ,  ensiform,  438 

,  equal,  438 

,  equally  pinnate,  441 

,  floral,  435,  446 

,  functions  of,  441 

,  hastate,  440 

,  heart-shaped,  488 

,  impari-pinnate,  441 

,  interruptedly  pinnate, 

441 

,  kidney-shaped,  438 

,  lanceolate,  438 

,  linear,  438 

,  lobes  of,  440 


Leaves,  lyrate,  440 

,  mucronate,  439 

,  nervation  of,  436 

,  obcordaic,  438 

,  oblique,  438 

,  obovate,  438 

,  orbicular,  436,  440 

,  oval,  438 

,  ovate,  438 

,  palmate,  436,  440 

,  panduriform,  440 

,  pari-pinnate,  441 

,  partite,  440 

,  pedate,  436,  440 

,  peltate>  436,  440 

,  perfoliate,  439 

,  pinnatifld,  440 

,  prismatical,  438 

,  qnadrifid,  440 

,  qoadrifoliate,  441 

,  qninqnefid,  440 

,  quinqnefoliafce,  441 

,  radical,  435 

,  reniform,  438 

,  retuse,  439 

of   rheum   undulattuo, 

439 
of  ricinni  palmaCbriati, 

440 

f  root,  435 

,  rounded,  438 

of  sagitaria  sagiUifolia, 

438 

,  sagittate,  438 

f  septennate,  441 

,  sessile,  435,  487 

f  simple,  438 

,  simply  pinnate,  440 

,  spathulate,  438 

,  stem,  435 

,  succulent,  438 

,  8opra^deoompoimd,441 

,  trifid,  441 

,  trifoliate,  441 

,  tripinnate,  441 

,  tritemate,  441 

,  truncate,  439 

f  unequal,  438 

f  unequally  pinnate,  441 

,  wavy,  439 

,  wedge-shaped,  438 

,  whorled,  439 

Leech,  608 
Leek,  484 
Left  ventricle,  537 
Legnan,  585 
Legume,  456 
Leguminiferse,  506 
Lemming,  565 
Lemniau  earth,  339 
Lemon,  510 

oU,  295 

Lemurs,  559,  560 
Lemur  oatta,  560 
volans,  564 


Lemorida,  159 

Length,  27 

,  measure  of,  2T 

f  nnit  of,  41 

Lens,  112 

,  concave,  113 

,  convex,  112 

,  crystalline,  114,  552 

,  double  convex^  112 

,  focus  o^  112 

Lenaei,  112 

,  double  convex,  112 

Leontodon  taraxacum,  499 

Leopard,  564 

Lepas,  597 

Lepidolite,  342 

Lepidoptera,  602 

,  tabular  view  o^  603 

Leporina,  565 

Lepus  caniculus,  565 

,  timidus,  565 

Lessor  horse-shoe  bat^  661 

LeUnce,  499 

,  poisonov^  499 

Lencite,  340 

lava,  361 

Leuoqjum,  486 

Leuoom,  287 

Lever,  49 

,  equal-armed,  49 

presses,  50 

,  single-armod,  49 

,  unequal-armed,  49 

Leyden  jar,  126 

Lias,  362,  894 

Libellula,  602 

Lichanotis,  560 

Lichens,  480 

Life,  duration  of,  460 

,  phenomena  of,  in  gene- 
ral, 459 

Light,  31,  79,  107 

,  absorption  of,  108 

,  decomposition  by,  277 

,  decomposition  of,  119 

,  duration  of  solar,  179 

,  electric,  122 

from  animals,  108 

from  chemical   action^ 

108 

fr^m  decayed  wood,  lOS 

from  electricity,  108 

from  fish,  108 

from  fixed  stars,  108 

•^  fri>m  the  glow-woniy 
108 

from  heat,  107 

from  mechanical  action, 

108 

from  the  moon,  107 

from  plants,  107 

,  law  of  reflection  of^  109 

,  rays  of,  108 

,  reflection  of,  108 

,  refraction  of,  111,  IIT 
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Ligbt,  refrangibili^  of,  119 
,  relation  of  minerals  to, 

320 
from    the   rixomorphsy 

108 

from  the  sun,  108 

,  polar  altitude  of  solar, 

179 

,  sources  of,  107 

,  velocity  of,  108 

,  "waves  of,  119 

,  white,  119 

Light  metals,  331 
Lightning,  127 

conductors,  128 

,  fork,  127 

,  sheet,  128 

Lights,  northern,  138 
Lignified  sap,  434 
Ligneous  stem,  480 
Lilac,  498 
LUiacese,  484 
Lily  tribe,  484 

of  the  valley,  484 

Limax,  612 

agrestis,  612 

Limb  of  the  angle  instra- 

ment,  145 
Limbs,  bones  of,  519,  521 
Lime,  256,  510 

,  carbonate  of,  257 

,  caustic,  257 

,  chloride  of,  258 

glass,  254 

,  hydrate  of,  267 

,  hydraulic,  363 

,  hypochlorite  of;  258 

kUns,  257 

,  milk  of,  257 

,  phosphate  of,  258 

,  silicate  of,  258 

,  slaked,  257 

soap,  293 

,  sulphate  o^  258 

water.  258 

Limestone,  257,  357 

breccia,  361 

,  compact,  334 

,  fibrous,  334 

,  fossiliferous,  892 

,  magnesian,  335 

,  mountain,  389 

Lime-strata,  397 
Limulus,  597 
Linacea3,  511 
Lino,  34 

,  equinoctial,  160 

,  meridional,  165 

Lines,  28 

• ,  isothermal,  472 

,  nodal,  80 

Ling,  593 
Linnet,  gray,  576 
Linseed,  298 
Lion,  173,  564 
43 


Lipunis,  564 

Liquefaction  of  earbonie  acid, 

240 
Liquid  bodies,  29 
Liquids,  detection  of  iron  in, 
284 

f  expansion  of,  by  heat, 

85 
Liquorice,  508 
Liriodendron  tnlipiforay  492 
Litharge,  270 
Lithomarge,  339 
Lithospermum,  497 
Litmus,  297 
Little  Bear,  172 

lama,  569 

Liver,  518,  532 

ore,  350 

of  sulphur,  260 

Liver-worm,  616 
Lizard  tribe,  584 

,  annular,  585 

>  gray,  585 

,  green,  585 

,  radiate,  585 

Loach,  592 

Loadstone,  133 

Loam,  yellow,  363 

Lobes  of  leaves,  440 

Lobster,  597 

Local    relations    of    animal 

organs,  518 
Locomotive  engine,  99 

,  construction  of,  99 

Locusta  viridisslma,  602 

Locusts,  602 

Lodes,  370 

Loins,  vertebrsB  of,  519 

Lolium  perenne,  483 

temulentum,  483 

Long-armed  apes,  659 
Long  axis  of  the  ellipse,  147 
Longitude,  156 

,  determination  of,  156 

Long-sightedness,  116 
Long-snouts,  601 
Lophius,  593 
Lophobranchi,  591 
Loricati,  584 
Loss,  363 
Lotus,  406 
Louse,  601 
Love-apple,  497 
Low-pressure  engine,  97,  99 
Low  tide,  189 

water,  189 

Lower  cervical  ganglia,  527 

jaw,  522 

Loxia  curvirostra,  577 

enucleator,  577 

pyrrhula,  577 

Lucanus  cervus,  600 
Lucern,  506 
Lucioperca,  594 
Lucifer  matches,  282 


Lnmbar  vertebrse,  619 
Lnmbrious  terrestris,  608 
Luminous  bodies,  108 

gas,  241 

Lunar  caustic,  274 

eclipses,  190 

eclipse,  partial,  191 

eclipse,  total,  191 

Lungs,  518 

Lustre,  metallio,  247 

of  minerals,  320 

Lntra,  563 
LycopodiacesB,  482 
Lycopsis,  497 
Lyoosa  tarantula,  606 
Lymph,  537 

corpuscles,  534 

Lymphatics,  533 
Lymphatic  vessels,  636 
Lyra,  172 

Lyre-tailed  bird,  678 
Lytta  vesicatoria,  601 

Macoaw,  blue,  678 

,  red,  578 

Macauco,  559 

Mace,  492 

Machine,  oentriftigal,  47 

Machines,  compound,  53 

,  electrifying,  126 

,  medico-galvanic,  130 

f  simple,  53 

Mackerel,  594 

Macropoda,  566 

Madder,  500 

Madder  and  Peruvian  bark 

tribe,  500 
Madia,  499 

Madrepore  murioata,  406 
Madrepores^  618 
Magio  lantern,  114 
Magnesia,  259 

,  calcined,  260 

,  carbonate  of,  260,  335 

,  hydrate  of,  335 

,  phosphate  of,  335 

,  sulphate  of,  259,  335 

,  combinations   of,  with 

silicic  acid,  336 
Magnesian  limestone,  335 
Magnesio-calcite,  336 
Magnosite,  335 

,  compact,  335 

spar,  335 

Magnesium,  259,  335 

,  chloride  of,  259 

,  oxide  of,  259 

Magnet,  133 

,  artificial,  133 

,  equator  of  the,  134 

,  poles  of,  134 

Magnetic  attraction,  133 

current,  135 

dip,  135 

Iron,  341 
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Magnetio  Iron  ore,  S6T|  868 

ironstone,  357 

meridian,  136 

needle,  133 

poles,  134 

repulsion,  134 

Magnetisin,  31,  121,  133 

by  condaotion,  134 

and  electricity,  relation 

of  minerals  to,  321 

,  electro-,  136 

Magnified  images,  110 
Magnitude,  actual,  160 
and  form  of  the  earth, 

165 

f  apparent,  160 

of  the  hearenly  bodies, 

163 
Magpie,  676 
Maiden-hair,  482 
Maiwein,  600 
Maize,  483 
Makis,  660 
Malachite,  346 
Malacopterigii,  601 
Mai  ap terns,  692 
Malayan  race,  658 
Male-flowers,  461 
Malic  acid,  283 
Mallotui,  592 
Mallow,  leares  of,  439 

tribe,  610 

Malt,  301 
Malvacess,  610 
Mammalia,  553 

,  division  o^  667 

Man,  557 

Manatus  atlanticus,  672 

borealis,  672 

Manchineel,  491 
Manchot«,  581 
Mandrill,  559 

Manganate  of  potassa,  261 
Manganese,  267,  344 

,  binoxide  of,  267,  344 

,  blende,  344 

,  carbonate  of,  344 

,  hydrated  oxide  of,  344 

,  proto-sesquioxide    of, 

344 

,  protoxide  of,  267,  344 

,  red,  244 

,  silicate  of,  344 

,  sulphide  of,  344 

Manganese-alum,  838 
Manganite,  244 
Mangold-wurael,  490 
Manilla  hemp,  488 
Manis,  666 
Manna,  498 
Mantis,  602 
Manufacture  of  gunpowder, 

252 
Manure,  469 
Marabu,  Indian,  680 


Maranta,  488 
Marble,  334 
Margaritifera,  612 
Marine  boa,  586 

cow,  Arctic,  672 

fig,  618 

nettles,  618 

tortoise.  584 

Maijoram,  493 
Marking  ink,  274 
Marls,  334,  363 
Marl-slate,  bituminous,  801 
Marl-strata,  397 
Marmot,  565 
Marrow,  523 
Mars,  196 
Marsh  gas,  241 

tortoise,  583 

Marsh-mallow  roots,  298 
Marsupialia,  564 
Marsupial  marten,  664 
Martagon  lily,  486 
Martin,  675 
Mason -bee,  604 
Mass  of  a  body,  38 

of  the  sun,  176 

Mastic,  296 

Matches,  lucifer,  232 

Mathematics,  26 

Matter,  arrangement  of  the 

particles  of,  32 
,  general  properties   of, 

26,27 

,  indestructibility  of,  207 

Matters,  colouring,  297 
Maxillary  bones,  522 
Maximum  velocity,  42 
May-chafer,  600 
May-flies,  602 
May-worm,  601 
Meadow  fox-tail,  483 
Meadow-grass,  483 
Meal-mites,  606 
Meal,  mountain,  331 
Mean  temperature  of  the  day, 

106 
temperature     of     the 

month,  106 
temperature  of  the  year, 

106 

velocity,  42 

Measure  of  length.  27 
Measures,  coal,  370 

,  comparison  of,  28 

,  decimal,  28 

,  duodecimal,  28 

Measuring  of  angles,  152, 162 
Mechanical  action,  light  from, 

108 
Mechanics,  63 
Medico  -  galvanic     machine, 

130 
Medulla  oblongata,  626,  529 
Medullary  rays,  433 
Medusa  aorita,  617 


MeerBchaiiin,  9^ 
MelanthaeetB,  484 
Melaphyr,  859,  410 

,  porphyritio,  869 

Meleagris  gallopavo,  578 
Meles,  562 
Melilot,  606 
Mellite,  362 
Meloe,  601 
Melon,  604 
Melolontha,  601 
Membrane,  muooos,  638 

,  pituitary,  649 

Mensuration,  148 

f  trigonometrical,  151 

Menura,  678 
Menyanthes,  498 
Mephitis,  662 
Mercury,  196,  272,  849 

,  chloride  of,  273 

f  cbromate  of,  272 

compounds,  278 

,  fulminating,  391 

,  native  chloride  of,  360 

,  protoxide  of,  273 

,  sub-chloride  of,  273 

,  sulphide  of,  278 

thermometer,  85 

(Astron.),  196 

,  transit  of,  195 

Merganser,  red,  681 
Mergus,  582 
Mergulus,  581 
Meridian,  160,  165 

,  magnetic,  185 

Meridians,  156 
Meridional  line,  166 
Merlin,  576 
Mermaid,  573- 
M crops,  677 
Mesotype,  339,  869 
Memlida),  575 
Metacarpus,  521 
Metallic  acids,  247 

lustre,  247 

oxides,    propernet   o^ 

249 
sulphides,  properties  o( 

249 
Metals,  247 

,  classification  of,  248 

,  common,  249 

f  compressibility  o^  30 

,  ductility  of,  29 

,  heavy,  249 

y  light,  331 

f  minerals    containing, 

331 

,  noble,  249 

of  the  alkaline  earths, 

249 
of  the    earths    proper, 

249 

,  properties  of,  247 

Metallurgy,  electro-,  181 
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Metamorphosis,  insect,  509 

Metatarsal  bones,  522 

Meteoric  iron,  342 

stones,  342 

Meter,  27,  148 

Method  of  comparing  the  co- 
hesion of  different  bodies, 
33 

Mevr-gnll,  582 

Mezereon  tribe,  492 

Mica,  common,  342 

Mica  porphyry,  359 

,  potassa,  342 

— ,  rose,  342 

— r-»  slate,  357,  383 

Mtcaceoas  iron,  343 

Mice,  565 

Microscope,  114 

Mid-day,  161 

Migratory  locusts,  602 

Milfoil,  499 

Milk,  composition  of,  545 

,  glass,  254 

of  lime,  257 

—  of  solphnr,  251 
MUk-8ap,  425 

vessels,  420 

Milk-sugar,  289 
Milk-vessels,  425 
Milky  way,  170 
Millet,  483 
Millimeter,  27,  29 
Milliped,  597 
Millipores,  618 
Millium,  483 
Mimosa,  508 
Mind,  79 

Mineral  chameleon,  268 

ooal,  329 

constituents,    assimila- 
tion of,  by  plants,  467 
naphtha,  352 

—  springs,  222 

waters  of  Eger,  335 

waters  of  Epsom,  335 

waters  of  Seidlita,  335 

waters  of  SeidshUta,  335 

Mineralogy,  313,  314 
Minerals,  action  of  heat  on, 
322 

,  chemical  properties  of, 
322 

,  classification  of^  326 

,  colours  of,  320 

containing  metals,  331 

,  description  of,  326 

,  feel  of,  321 

,  forms  of,  314 

,  fractures  of,  319 

,  hardness  of,  319 

,  lustre  of,  320 

,  mixed,  314 

f  nomenclature  of,  326 

■  of    non-metallic    ele- 
ments, 327 


Minerals,  odour  of;  321 

,  opacity  of,  320 

of  organic  compounds, 

352 
,  physical  characters  of, 

318 

,  refracting  power  of,  320 

,  relation  of,  to  electri- 
city and  magnetism, 

321 

,  relation  of,  to  light,  320 

1  simple,  314 

,  semi-transparency  of, 

320 

,  species  of,  326 

f  specific  gravity  of,  319 

,  streak  of,  320 

,  synoptical  table  of,  327 

,  taste  of,  321 

,  transparency  of,  320 

,  volatility  of,  323 

Mining,  414 

spider,  606 

Minium,  347 

Mint,  493 

Minutes,  143 

Minute- wheel  (dock  -  work), 

62 
Mirage,  117 

Mirror,  optic  centre  of  a  con- 
cave, 109 

,  radius  of  a  concave,  109 

Mirrors,  109 

,  concave,  104,  109,  110 

,  convex,  109 

,  dispersing.  111 

,  geometrical  centre  of 

concave,  109 
,  optical  axes  of  concave, 

109 

,  plain,  109 

Mispickel,  344 
Mistle-tbrush,  575 
Mistletoe,  471 
Mites,  606 

Mitsoherlioh's  syphon,  77 
Mock  moons,  113 

suns,  118 

Modem  planets,  193 
Mob's  scale  of  hardness,  319 
Moisture  of  the  air,  93 
Molar  teeth,  522 
Molasse,  265,  400 
Molasses,  288 
Mole,  561 

,  Cape,  562 

,  golden,  562 

,  radiated,  562 

Molecular  force,  41 

motion,  41 

Molecules,  29 
Mollusca,  554,  608 
Molucca  crab,  597 
Momentum,  42 
Monadelphia,  477 


Monadelphons  anthers,  449 
Monads,  619 
Monandria,  475 
Monas  protozoa,  619 
Mongolian  race,  558 
Monitor  niloticus,  584 
Monkeys,  559 

,  green,  559 

,  howling,  559 

,  long-tailed,  559 

f  night,  559 

f  silken,  559 

,  spider,  559 

,  squirrel,  559 

Monocapsular  fruit,  456 
Monoclines,  478 
Monocotyledons,  478,  482 
Monodon,  572 
Monoecia,  477 
Mono-epigynse,  478 
Mono-loculus,  597 
Mono-perigynse,  478 
Mono-petalse,  478 
Mono-hypogynss,  478 
Monotropa,  471 
Month,  181 
,  mean  temperature  of, 

107 
Moon,  apogee  of,  186 

f  atmosphere  of,  186 

,  diameter  of  the,  185 

,  distance  from  the  earth, 

185 

,  eclipse  of,  191 

,  full,  188 

,  light  from,  107 

,  motion  of,  186 

,  mountains  of,  185 

,  new,  187 

,  nodes  of,  186 

,  orbit  of  the,  186 

f  perigee  of,  186 

,  periodicity  of  the,  186 

,  phases  of,  187 

,  quadratures  of,  188 

,  surface  of  the,  185 

,  water  in,  185 

and  earth,  184 

,  sun,  and  earth,  187 

rising  of  the,  188 

Moons  of  Jupiter,  196 

,  mock,  118 

,  Saturn's,  196 

Moonstone,  340 
Moor-hens,  681 
Moor-buzzard,  575 
Morass  ore,  343 
Morchella,  482 
Morel,  482 
Morgana,  fata,  117 
Mormon,  581 
Morning  red,  120 

star,  196 

Morocco  leather,  302 
Morphine,  285 
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MorUr,  hydraulic,  258 

Mortar*,  257 

3Iorus,  490 

^losftic  gold,  272 

Moschus  moscbiferus,  569 

Moss.  corrageeD,  298 

tribe,  482 

MotaoUIa,  576 

Moths,  603,  604 

Motion  and  eqnilibriom,  81, 
40,  428 

,  apparent,  of  iht  hoa- 

venly  bodies,  159 

,  compound,  44 

,  laws  relating  to,  41 

,  molecalar,  41 

of  the  earth  and  appa- 
rent motion  of  the 
sun,  181 

,  organs  of,  518 

,  parallel,  97 

,  peristaltic,  533 

,  planetary,  199 

,  transmission  of,  54 

,  nndulatory,  79 

,  unequal,  42 

,  uniform,  42 

,  velocity  of  the  earth's 

orbitual,  176 

,  wave,  79 

Motor  nerves  of  the  eye,  526 

Mountain  cork,  337 

limestone,  389 

meal,  331 

tallow,  352 

wax,  352 

Mountains  of  the  moon,  185 

Mouse,  field,  565 

Moveable  pulley,  60 

quadrant,  146 

steam-engines,  97 

Movements,  spontaneous,  515 

,  voluntary,  515 

Moving  waves,  79 

Mucilage,  vegetable,  298 

Mucous  membrane,  532 

Mucronate  leaves,  439 

Mud-crab,  597 

Mup^l  cephalus,  594 

Mulberry,  490 

moth,  604 

Mule,  568 

Mullein,  497 

Mullet,  594 

,  great-headed,  594 

Mull  us  surmuletus,  594 

^lultungula,  566 

Mummies,  preservation  of, 
307 

Murnana  angnilla,  593 

helena,  593 

Murex  tritonis,  612 

Mus  amphibius,  565 

bnrtarius,  565 

caflTer,  565 


Mus  cricetus,  565 

decumanus.  565 

musculus,  665 

norwoi^ieus,  565 

qucreiuns,  565 

rattusi,  565 

sylvaticus,  565 

Musa  tcxtilis,  489 
MusacesD,  488 
Muscnri,  484 
Muschclkalk,  392 
Musei,  482 
Muscicapa,  575 
Muscles,  517,  518,  523 

,  composition  of,  523 

,  contractile  force  of,  529 

Muscular  fibre,  517 

layer,  547 

Musca  domestica,  605 
Museum  beetle,  600 
Mushroom,  edible,  481 

fly,  481 

tribe,  481 

Musical  notes,  82 
Musk  deer,  569 
Mussel-crab,  597 
Mustard,  511 
Mustcla  erminea,  562 

furo,  562 

martes,  562 

putorius,  562 

Mustella  vulgaris,  562 

sibellina,  562 

Mutual  attraction,  31 

relation    of   the    floral 

verticils,  451 
Mya  pictorum,  612 

margaritifera,  613 

Mycetes  Bcelzebul,  559 
Mygale  avicularia,  606 
Myology,  524 
Myosotis,  497 
Myrica,  490 
Myricin,  294' 
MyristacesB,  492 
Myristica  moschata,  492 
Myrmecophaga,  566 
Myrrh,  297 
Myrtaceie,  504 
Myrtle  tribe,  504 
Mytylus,  613 
Myxine,  591 

Napir,  158 
Nngelfluh,  362,  400 
Naied-worms,  608 
Nails,  547 

Nais  proboscidea,  608 
Names  of  notes,  82 
Naphtha,  312 

,  mineral,  352 

,  Persian,  352 

Naphthaline,  311 
Narcissus,  486 
Narwhal,  572 


Nasal  bones,  522 

Nasua,  562 

Natatores,  581 

Native  sulphur,  228 

Natrolitc,  339 

Natural  electricity,  123 

products  of  distillatioii, 

312 

Naucratcs  ductor,  594 

Nautilus,  paper,  610 

,  pearly,  610 

Navicula  viridis,  405 

Navicular  animalcoles,  619 

Neck,  vertebrae  of,  619 

Neck  (Bot),  428 

Necrophorus,  600 

Nectaries,  452 

Needle-fish,  591 

Needle,  magnetic,  18S 

ore,  346 

Negative  electricity,  123    - 

pole,  129 

Nepheline,  340 

Neptune,  194 

Neptune's  ruflles,  618 

Neptunic  formations,  374 

Neridae,  607 

Nerve,  optic,  551 

Nerves,  517,  518,  525 

,  cerebral,  526 

,  composition  of,  525 

,  curvilineal,  436 

,  olfactory,  626 

,  parallel  (Bot),  436 

,  reticulated,  436 

of  sensation  and  mo- 
tion, 526 

,  splanchnic,  526 

of  the  viscera,  526 

Nervous  fibre,  617 

Nettle-cloth,  490 

Nettle  tribe,  490 

Nettles,  marine,  618 

Neuroptera,  602 

Neuropteris  Loshii,  387 

Neutral  bodies,  211,  212 

flowers,  462 

New  moon,  188 

New  Zealand  flax,  486 

Newt,  water,  588 

Newton,  198 

Newton's  laws,  198 

Nickel,  268,  345 

,  antimonial,  345 

,  arsenical,  349 

glance,  345 

iron  pyrites,  345 

,  kupfer,  345 

ochre,  345 

ore,  white,  345 

,  red  arsenical,  345 

,  salts  of,  268 

,  sulphide  of,  846 

,  white  arsenical,  845 

Nicotiana,  496 
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Nigellm  613 

Night,  161 

Night-jar,  375 

Night-shade,  aDmud,  496 

tribe,  495 

,  woody,  496 

Nightingale,  576 

Nine-eyed  eel,  591 

Nitidula,  600 

Nitrate  of  baryta,  259 

of  potaesA,  251,  331 

of  silver,  274 

of  soda,  331 

Nitre  (Min.),  331 

Nitric  acid,  223 

Nitrogen,  223 

,  amount  of,  in  bay,  466 

f  assimilation  of,  466 

,  bicarbide  of,  245 

,  binoxide  of,  223 

,  compounds  of,  223 

,  iodide  of,  227 

,  preparation  of,  222 

,  properties  of,  223 

,  protoxide  of,  224 

,  sp.  gr.  of,  222 

Nitrogenous  carbon,  238 

,  in  different  substances, 

299 

Nitrous  acid,  223 

Noble  chamomile,  499 

falcon,  575 

metals,  249 

opal,  331 

Noctua  brossica,  603 

fraxina,  603 

sponsa,  603 

Nocturnal  arc,  161 

Nocturnal  peacock's-eye,  603 

phenomena,  162 

Nodal  lines,  80 

point,  83 

Nodes,  80 

of  the  moon,  186 

of  the  planets,  193 

Nomenclature  of  minerals, 
326 

Non-conductors  of  electricity, 
122 

Non-elastio  bodies,  31 

Non -electric  bodies,  122 

Non-luminous  bodies,  108 

Non-metallic  elements,  mine- 
rals of,  327 

Non-nitrogenous,  indifferent 
substances,  237 

Noon  circle,  165 

Nordhausen  snlphurio  acid, 
230      • 

North,  160 

pole,  138 

Northern  lights,  138 

Nose,  547,  549 

Notos,  musical,  82 

,  names  of,  82 


Nucle,  457 
Nuoleal  vessels,  422 
Nudate  disk,  455 
Number,  26 
Numida  meleagris,  578 
Nummulitic  limestone,  398 
Nurse-frog,  588 
Nut,  457 
Nut-craekers,  50 
Nuthatch,  576 
Nutmeg-tribe,  492 
Nutrition,  organs  of  (Bot), 
427 

,  organs  of  (Zool.),  618 

of  plants,  461 

Nymph»eeffi,  613 

Oak,  490 

,  yellow,  297 

,  poison,  508 

Oats,  483 
Object-glass,  114 
Oblique  plane,  45 

rhombic  prism,  317 

Obliquity  of  the  earth's  axis, 
177 

of  the  sun's  rays,  106 

Obsidian,  340,  357 
Obstetric  toad,  688 
Obtuse  angle,  143 
Occiput,  522 
Ocelot,  564 
Ochre,  antimonial,  349 

,  bismuth,  347 

f  chrome,  349 

,  lead,  347 

,  nickel,  345 

f  red- iron,  343 

,  yellow,  339,  343 

Octandria,  476 
Octave,  82 
Ootohedron,  317 

,  quadratic,  316 

f  regular,  315 

,  rhombic,  317 

,  secondary  forma  o^  316 

Octopus  vulgaris,  610 
Oeulini  birtella,  406 
(Enothera,  473 
(Esophagus,  531 
Oestrus,  605 
Oil,  castor,  491 

,  croton,  491 

of  aniseed,  295 

of  bergamot,  295 

of  bitter  almonds,  296 

of  chamomile,  295 

of  cinnamon,  295 

of  cloves,  295 

of  cumin,  295 

of  fennel,  295 

of  juniper,  295 

of  lavender,  295 

of  lemon,  295 

of  orange-flowers,  295 


Oil  of  peppermint,  206 

of  roses,  296 

of  turpentine,  296 

Oil-palm,  48§ 
Oils,  drying,  293 

,  ethereal,  294 

f  various,  292 

,  volatile,  294 

Oleic  acid,  292 
Olfactory  nerves,  626 
Olefiant  gas,  244 
Oligoklase,  340 
Olive-tree,  498 
Onager,  568 
One-eye,  597 
Onion,  484 

Oniscus  armadillns,  597 
— r-  assellus,  697 
Oolite,  334 
Opal,  331 

f  common,  331 

,  noble,  331 

,  semi-,  331 

Opalescence,  321 

Opalescent  gloss,  264 

Opaque  glass,  255 

Ophiosaurus,  585 

Ophite,  336 

Ophiura,  615 

Opium,  512 

Opossum,  664 

Opposition,  188 

Optic  nerves,  115,  627, 551 

Optical   axis  of  a  concave 

mirror,  109 
centre  of  a  concave  mir- 
ror, 109 
Orang-utang,  659 
Orange,  119 

f  common,  670 

flower  oil,  296 

,  leaves  of,  440 

tribe,  610 

Orbit,  eccentricity  of  the 
earth's,  177 

of  the  earth,  176 

of  the  moon,  186 

Orbits  of  the  planets,  193 
Orbitual  motion,  velocity  of 

the  earth's,  176 
Orcbidacese,  489 
Orchis  tribe,  489 

,  bee,  489 

,  butterfly,  489 

,  fly,  489        * 

Orders    of    insects,    tabular 

view  of,  600 
Ore,  morass,  343 

f  needle,  346 

,  whit£  nickel,  346 

Organic  acids,  2S1 

bases,  285 

chemistry,  278 

combinations,  280 

remains,  371 
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Organic  oompoiiDds,  deoom- 

position  of,  302 
Organ  of  hearing,  549 

of  sight,  £^1 

of  smell,  64» 

of  taste,  648 

Organ-pipe,  81 
Organs,  313 

,  alimentary,  530 

Organs  of  ciroolation,  584 

of  digestion,  518 

and  their  functions,  515 

of  increase  and  repro- 

dnction  (Bot),  427, 

442 

,  Uteral,  428 

,  local  relation  of  (ZooL), 

516 

of  motion,  518 

of  nutrition  (  Bot),  427 

of  nutrition,  518 

of  respiration,  539 

of  sensation,  518 

of  sense,  546 

of  vegetation,  418 

of  vitality,  630 

Orifice,  pyloric,  530 
Oriole,  676 
Oriolus  galbula,  575 
Orion,  173 
Ornithogalum,  485 
Ornithorynohus  paradoxus, 

566 
Orobanche,  471 
Orpiment,  349 
Os  calois,  621 

mi,  621 

ischii,  521 

pubis,  621 

sacrum,  521 

sepise,  609 

Oscillations  of  pendulum,  37 
f  different,    at   different 

parts  ofthe  earth,  87 
Osprey,  674 
Osseous  system,  517 
Ostracion,  491 
Ostrea  edulis,  613 
Ostrich,  679 

,  two-toed,  579 

Ortbagoriscns  mola,  591 
Orthoceras  undatum,  389 
Ortboptera,  602 
Ortolan,  576 
Oryza,  483 
Otaria  jubata,  571 
Otter,  663 
Otto  of  roses,  295 
Otto  von  Guerioke,  experi- 
ment of,  75 
Our  Lady's  UiisUe,  499 
Ovaries,  forms  of,  456 
Ovary  (Bot.),  460 
Ovis  arics,  670 
steatopyga,  670 


Ovula,  460,  457,  61S 
Ovules,  naked,  467 
Owl,  bam,  676 
Owl,  eagle,  675 

,  homed,  575 

,  screech,  675 

Oxalate  of  potassa,  283 

Oxalio  acid,  283 

Ox,  common,  671     ' 

Ox-tongue,  497 

Oxalate  of  protoxide  of  iron, 

352 
Oxidation,  217 
Oxide  of  arsenic,  349 

of  calcium,  266 

of  cobalt,  268 

of  magnesium,  269 

of  potassium,  250 

of  sodium,  262 

Oxides,  acid,  217 

,  basic,  217 

,  properties  of  the  me- 

taUic,  249 
Oxidising  flame,  324 
Oxidulated  iron,  342 
Oxygen,  214 

acids,  218 

compounds,    general 

properties  of,  217 
,  elimi  nation  of,by  plants, 

216 

,  preparation  of,  216 

,  properties  of,  216 

,  sp.  gr.  of,  214 

,  table  of,  217 

Ojster,  613 
Oyster-catcher,  580 

Paca,  565 
Pachydermata,  566 
Paco,  669 
Pagurus,  697 
Painter's  mussel,  612 
Painting  on  glass,  265 

on  porcelain,  262 

Palsmon,  697 
Palaeontology,  372 
Palseotherium  magBan,  400 

minus,  400 

Palamedes,  680 
Palinurus,  697 
Pallas,  194 

Pallets  (watch-work).  63 
Palm-oil,  486 
Palm-stem,  431 
Palm  tribe,  486 
Palmse,  486 
Paludina,  612 
Pangolins,  666 
Panicle,  454 
Panther,  664 
Papaver  somnifiBmm,  512 
Papaveracese,  512 
Paper  nautilus,  610 
Papians,  669 


Papilla  of  the  skin,  647 

Parabola,  148 

Paradise,  bird  of,  576 

,  fig-tree  of,  488 

Parallax,  153 

of  fixed  stars,  170 

Parallel  forces,  47 

motion,  97 

nerves  (Bot),  436 

Parallelogram  of  forces,  44 

Parallels  of  Utitode,  157 

Parasita,  597 

Parasitic  orchids,  489 

crabs,  697 

plants,  471 

Parenchyma,  421,  425,  497 

Parietal  bones,  522 

Paroquets,  678 

Parra,  681 

ParraheeU,  678 

Parrot-fish,  694 

Parrots,  678 

Parsley,  600 

,  fools',  600 

Parsnip,  600 

Partial  eclipse  of  th«  mooa, 
191 

eclipse  of  the  aim,  191 

Particles  of  matter,  anrasge- 
ment  o^  32 

Partridge,  678 

Pams  coeraleus,  576 

mi^or,  676 

pendulinua,  576 

Passenger  pigeon,  578 

Paste^els,  619 

Patella,  621,  611 

Pathetic  nerves,  626 

Pansilipp  tufa,  366 

Pavo,  678 

PavonazEa,  362 

Pea,  606 

,  anthers  of,  449 

,  blossoms  of,  450 

Pea  iron  ore,  343 

Peacock,  678 

Pearl-mussel,  612 

Pearls,  glass,  265 

Pearlstone,  341,  367 

Pearly  nautilus,  610 

Pears,  606 

Peat,  367 

Peat-bogs,  404 

Peccary,  668 

Pecopteris  Bueklaadi,  %^ 

Pectin,  298 

Pectognathi,  691 

Pectoral  ganglia,  527 

ribs,  619 

Peculiar    decomposition     el 
simple    chemical 
groups,  276 

decomposition  of  or- 
gan io  oompoimd% 
302 
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Pedicnlni  cspitifl,  601 

Peduncle,  462 

Peewit,  580 

Pegaaos,  174 

Pelamys,  580 

Pelecanus  onoerotalus,  581 

Pelicanf,  581 

Pelvis,  521 

Peony,  513 

Penoil-slate,  857 

Pencil-worms,  607 

Pendulum,  36 

,  difference  in  ihe  oscil- 
lations of,  ftt  diffe- 
rent parts  of  the 
earth,  37 

,  oscillation  of,  37 

,  seconds',  37 

Penguin,  Arctic,  581 

Pentagonal    dodecahedron, 
316 

Pentamera,  600 

Pentandria,  475 

Penumbra,  190 

Peperine,  364 

Peppermint  oil,  205 

Pepperstone,  364 

Perca  fluviatllis,  594 

Perch,  594 

Perfect  elasticity  of  air,  30 

Perfoliate  leaves,  439 

Pericarps,  456 

Periclase,  335 

Pericorollae,  478 

Peridininm  pyrophorum,  405 

Perigee  of  the  moon,  186 

Perigynous  blossoms,  451 

Perihelion,  176 

Periodicity  of  the  moon,  186 

Periosteum,  523 

Peripeteia,  478 

Peristaltic  motion,  533 

Peristamincte,  478 

Periwinkle,  498 

Permanganate  of  potassa,  267 

Perseus,  172 

Persian  berries,  ^7 

Perspiration,  548 

Perturbations,  planetary,  198 

Peruvian  bark,  500 

sheep,  569 

Pesang,  488 

Petrels,  582 

Petrifactions,  371 

Petroleum,  312 

Petromyzon  branchialis,  591 

fluviatilis,  591 

marinus,  691 

PhflBton,  582 

Phalanges,  521 

Phalangium,  600 

Phalaris  canariensis,  483 

Pharmacolite,  333 

Pharmacosiderite,  344 

Pharynx,  539 


Phaseokurotosy  564 

Phases  of  the  moon,  187 

of  Venus,  195 

PhasianidsB,  578 

Phasianus  oolchions,  578 

gallus,  578 

nyothemems,  678 

pictus,  578 

Pheasant,  578 

Phenomena  of  attraotioD,  31, 
32 

,  general  astronomical, 

155 

,  special   astronomieal, 

174 

,  chemical,  206 

of  currents,  31 

,  diurnal,  160 

of  life  in  general,  469 

,  nocturnal,  162 

,  physical,  classifloatioii 

of,  31 

of  vibration,  78 

Phlebotomy,  536 

Phleum  pratense,  483 

Phoca  cristata,  671 

monachus,  671 

vitulina,  671 

PhocidsB,  571 

Phoenicopterus,  580 

Phoenix  dactylifera,  486 

Pholas,  612 

dactylns,  612 

Phonolite,  360,  411 

,  compact,  360 

,  decomposed,  360 

Phormium  tenax,  474 

Phosphate  of  copper,  347 

of  iron,  343 

of  lime,  258 

of  magnesia,  336 

of  soda,  338 

Phosphide  of  hydvogen,  233 

Phosphorescence,  321 

Phosphoric  acid,  232 

Phosphorous  acid,  283 

Phosphorus,  232 

,  history  of,  232 

,  preparation  of,  232 

,  properties  of,  232 

Phosphuretted  hydrogen,  238 

Photographic  pictures,  277 

Pbyllostoma,  460 

hostatus,  461 

spectrum,  461 

Physalia,  497,  617 

Physical  characters  of  mi- 
nerals, 818 

phenomena,    olassiflea- 

tion  of,  31 

Physics,  25 

Physiology  and  anatomy,  516 

,  vegetable,  469 

Physiter,  672 

Pbysograda,  616 


Piano  strings,  82 

wires,  82 

Pictures,  photographie,  377 
Picas  martins,  678 

varius,  678 

viridis,  678 

Pig»  guinea,  665 
Pig-iron,  264 
Pig- water,  565 
Pigeon  tribe,  678 
Pigment  of  the  eye,  661 
Pigmy  antelope,  570 

shrew,  561 

Pike-f)unily,  692  ^ 

Pike-perch,  594 
PUchard,  592 
PUe,  dry,  129 

,  galvanic,  129 

,  voltaic,  129 

,  Zamboni's,  129 

Pill-ohafer,  600 
Pinaster,  489 
Pine-apple  tribe,  486 
Pine,  red,  489 

,  Scotch,  489 

,  white,  489 

Pine-finch,  577 
Pine-moth,  603 
Pine-tree  moth,  608 
Pine-tribe,  leaves  of,  488 
Pinite,  358 
Pink,  511 

f  corolla  of,  449 

tribe,  511 

Pinnipeda,  571 
Pinnothems,  597 
Pinnularia  daotylos,  406 
Pinus  abies,  489 

larix,  489 

picea,  489 

pinea,  489 

sylvestris,  489 

Pipa  americana,  687 
Pipe-clay,  238 
Pipe,  organ,  81 

fish,  692 

Pipets,  576 

Pisces,  553 

Pistil,  450 

Piston,  97 

Piston-rod,  97,  99 

Pitch,  297 

Pitcbstone,  341,  357 

Pitchstone-porphyry,  869,410 

Pith,  432,  433 

Pituitary  membrane,  649 

Pixidula  prisca,  405 

Plagiostomi,  689 

Plaice,  593 

Plane  mirrors,  109 

of  the  ecliptic,  162 

f  oblique,  46 

Planes,  490 

of  crystals,  314 

,  inolined,  46 


680 


INDEX. 


PUtneto,  169, 193 

,  ancient,  193 

,  di&meter  of,  194 

,  inferior,  193 

,  list  of,  194 

,  modern,  103 

,  nodes  of,  193 

,  orbita  of  the,  193 

— :-,  superior,  193 

,  table  of  the,  195 

Planetary  motion,  193 

perturbations,  198 

system,  197 

system,  Egyptian,  197 

Planorbis,  612 
Plant-axis,  428 
Plant-cell,  420 
Plant-louse  lion,  603 
Plants  absorb  ammonia,  466 

,  acotyledonou8,431,442 

,  alkaline,  468 

,  annual,  431 

,  ash  of,  462 

,  assimilation  of  Uie  com- 
bustible constituent 

parts  of,  463 

,  biennial,  431 

,  calcareous,  468 

,  cellular,  425 

,  classification  of,  473 

,  comparison    of,     with 

minerals,  417 

,  constituents  of,  462 

,  dicotyledonous,  431 

,  description  of,  479 

1  diceoious,  452 

,  dispersion  of,  472 

,  distribution  of,  472 

,  duration  of,  472 

,  external   structure  of, 

419 

,  food  of,  461,  542 

,  fossil,  372 

,  internal    Btmotore   of, 

419 

,  light  from,  107 

,  monoootyledonous,  431 

,  monoecious,  452 

,  nutrition  of,  461 

,  parisitical,  471 

.  perennial,  431 

,  potash  in,  251 

,  receptacles  of,  427 

,  reproductive  organs  of, 

442 

,  silicious,  468 

,  vital  motion  of,  418 

,  vital  phenomena  of,  461 

,  vitality  of,  418,  459 

Plaflters,  lead,  293 

Platalea,  580 

Plate  animalcules,  619 

Platinum,  275,  351 

,  condensation  of  gases 

by,  275 


Platinum,  native,  851 

,  spongy,  275 

Platter- snail,  611 

Platydactylus,  585 

Pleiades,  173 

Plesiosaurus,  584 

Pleurencbyma,  483 

Plenronectes,  593 

maxima,  593 

platessa,  593 

Plexus,  renal,  527 

,  solar,  527 

Plover  tribe,  580 

PlumateUa,  618 

Plumbago,  328 

Plums,  506 

Plutonic  formations,  374,408 

Pneumatic  tinder-box,  176 

Poa  pratensis,  483 

Pod,  456 

Point,  burning,  104 

,  focal,  104 

,  nodal,  83 

,  vernal,  162 

of  culmination,  160 

Points,  cardinal,  159 

and  lines  on  the  celes- 
tial globe,  167 

of  repose,  80 

Poison  oak,  508 

valley  of  Java,  240 

Poisonous  lettuce,  499 

Polar  altitude,  108 

altitude  of  solar  light, 

179 

bear,  562 

regions,  106 

Pole-cat,  562 

Pole,  negative,  129 

,  north,  138 

,  positive,  129 

,  south,  138 

,  star,  159 

of  the  earth,  156 

Poles,  138 

of  the  magnet,  184 

,  difference  between  the 

diameter  at,  and  at 
the  equator,  38 

Polishing  slate,  331,  406 

Pollen,  450 

Pollen-cells,  442 

Pollen-grains,  450,  458 

Pollen-sac,  450,  458 

Pollux  and  Castor,  178 

Polyadelphia,  477 

Polyadelphous  anthers,  449 

Polyandria,  476 

Polybasite,  850 

Polygamio,  478 

Polygostrica,  555 

PolygonacesB,  492 

Polypes,  610 

PolypetalfB,  478 

Polyphylloos  calyx,  447 


Polypi,  555,  «ir 
Polypori,  481 
Pomaeoous  fraits,  457 
Pop-gun,  70 
Poplar,  490,  511 

tribe,  490 

Poppy-field,  512 

tribe,  512 

Porcelain,  261 

earth,  261,  389,  860 

,  Fayenoe,  262 

f  glasing  of,  262 

,  manufacture  of,  261 

,  painting  of,  262 

Porcupine,  565 
Pores,  30 

of  the  skin,  547 

Porfido  rosso  antico,  859 

verde  antico,  359 

Porosity,  27,  30 
Porous  ba«nlt,  360 

bodies,  80 

bodies,    compressibBitj 

of,  30 

cells,  421 

Portunus,  597 
Porphyrio,  581 
Porphyritic  granite,  S58 

lava,  361 

melaphyr,  359 

syenite,  358 

Porphyry,  358,  359,  410 

f  nugite,  359 

,  black,  359 

breccia,  861 

—  group,  410 

,  mica,  359 

,  pitchstone,  359 

,  quarU,  359 

,  red,  359 

,  syenite,  359 

Position,  horizontal,  68 

,  vertical,  58 

of  equilibrium,  48 

of  earth's  axis  to  plane 

of  earth's  orbit,  176 
Positive  electricity,  125 

pole,  129 

Possidonia  minntm,  892 
Post-horn  snail,  612 
Potash,  prussiate  of,  266 
Potashes,  251 
Potassa,  250 

,  acetate  of,  282 

,  alum,  338 

,  bitartrate  of,  282 

,  carbonate  of,  251 

f  chlorate  of,  252 

,  chromate  of,  271 

glass,  254 

,  manganate  of,  267 

,  mica,  342 

,  nitrate  of,  251 

,  nitrate  of  (Min.)  831 

in  aahes  of  plants,  261 
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Potasss,  ozalftte  of,  283 

,  permanganate  of,  267 

,  the  prnssiate  of,  266 

,  silicate  of,  252 

■  soaps,  293 

,  sulphate,  831 

Potassium,  249,  331 

■  compoands,  250 

,  ferro  cyanide  of,  266 

f  oxide  of,  250 

,  preparation  of,  249 

,  properties  o^  250 

,  sulphide  of,  250 

Pot-stone,  336 

Potato,  496 

starch,  287 

Potters'  clay,  339 

kiln,  262 

Poach  (Bot),  456 

Pound,  39 

Pow-heads,  687 

Powder,  bleaching,  258 

Prawns,  597 

Precession  of  the  equinoxes, 
178 

Precious  stones,  artificial,  255 

Prehnite,  339,  359 

Preparation  of  vermilion,  204 

of  wood-charcoal,  236 

Preservation  of  food,  307 

Press,  hydraulic,  66 

Presses,  lever,  50 

Pressure  of  the  atmosphere, 
72 

of  fluids,  65 

Primary  forms  of  crystals, 
815,  316,  317 

Primitive  rocks,  374, 383, 407 

Printer's  block,  237 

Prism,  116 

,  hexagonal,  818 

,  oblique  rhombic,  317 

,  rhombic,  317 

Prismatic  colours,  119 

Privet,  498 

Privet-moth,  603 

Procellaria  glacialis,  582 

pelagica,  582 

Process,  daguerreotype,  276 

,  electrotype,  277 

of  amalgamation,  274 

Procyon,  173 

Productus  martini,  389 

Proportionate  weight,  calcu- 
lated from  the  symbols, 
210 

Prosencbyma,  421,  425 

Proteus  anguineus,  588 

Protochloride  of  tin,  271 

Protoginc,  358 

Protosesquioxide  of  manga- 
nese, 344 

Protoxide  of  copper,  269 

of  iron,  266 

of  iron,  oxalate  of,  852 


Protoxide  of  lead,  270        . 

of  manganese,  267,  8*1 

of  mercury,  273 

of  nitrogen,  224 

of  tin,  271 

of  line,  271 

Protractor,  144 
Prussian  blue,  238,  245,  267 
Prussiate  of  potash,  266 
Prussic  acid,  245 
Pseudo-bulb,  430 
Psendopodes,  585 
Pseudopus,  585 
Psittaeidae,  575 
Psittacus,  578 

ararauna,  578 

cristatus,  578 

erithacns,  578 

macao,  578 

pullarius,  578 

Psychrometer,  94 
Ptarmigan,  578 
Pteris  oquilina,  482 
Pterodactylus      longirostris, 

395 
Pteropoda,  610 
Pteropus  edulis,  561 
Ptolemaic  system,  197 
Pulex  irritans,  605 
Puffin,  581 
Pulley,  fixed,  50 

,  moveable,  50 

Pulmonary  artery,  589 

circulation,  538  • 

veins,  539 

Pulmonigiuda,  616 
Pumice-stone,  341 
Pump,  air,  62 

,  force,  66,  74 

,  suction,  76 

Pupa,  599 
Pupil,  115,  551 

of  the  eye,  115 

Purple-emperor,  604 
Purple-rail,  581 
Putrefaction,  306,  309 
Pyloric  orifice,  530 
Pylorus,  530,  531 
Pyrites,  343 

,  antimonial  nickel,  345 

,  arsenical,  343 

,  arsenical  cobalt,  344 

,  arsenical  iron,  344 

,  bismuth  nickel,  845 

,  cobalt,  844 

,  copper,  346 

,  iron,  343 

,  magnetic  iron,  343 

,  nickel  iron,  345 

,  tin,  346 

Pyrolignoous  acid,  811 
Pyrolusite,  344 
Pyrope,  341 
Pyrosomse,  613 
Python  bivittatas,  586 


Python  tigrii,  586 

QuADERSANBSTEnr,  897 
Quadrant,  145 

,  movable,  146 

Quadratic  octohedron,  816 
Quadratures  of  the  moon,  188 
Quadrumana,  558 
Quagga,  568 
Quartz,  246,  329,  357 

,  common,  330 

family,  329 

,  rose,  330 

Quassia,  509 
Queen-bee,  605 
Quercus,  490 
Quince-seed,  298 
Quinine,  285 

Rabbit,  565 

Rtfce,  American,  558 

,  Caucasian,  558 

f  Ethiopian,  558 

,  Malayan,  558 

,  Mongolian,  558 

Raceme,  454 
Rach,  452 
Rachis,  452 
Racoon,  562 
Radial  artery,  536 
Radiata,  499,  554,  614 
Radiate  lizards,  585 
Radiated  celesline,  335 

heat,  103 

mole,  562 

Radiation  of  heat,  105 
Radical,  definition   of  the 
term,  217 

,  organic,  280 

Radii  vectores,  148 
Radish,  511 
Radius,  146 

of  a  concave  mirror,  109 

of  the  circle,  146 

(Zool.),  521 

Rain,  94,  120 
Rain-water,  222 
Rainbow,  120 

colours,  119 

Rainy  stars,  173 
Raised  mirrors,  109 
Riga,  590 

batis,  590 

Rallidn,  581 

Rallus  aquaticus,  581 

Ram,  173 

Rana  comuta,  583 

— -  esculenta,  587 

micans,  587 

mugiens,  588 

tempororia,  587 

Ranunculacete,  513 
Rape,  brown,  471 
Raptatores,  573 
Raaeneisenerz,  404 
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Rasores,  578 
Raspberry,  506 
Rat,  brown,  565 

,  climbing,  565 

1  Egyptian,  565 

f  bazel,  565 

— ^,  oak,  565 

,  bouse,  565 

,  mountain,  565 

,  poucbed,  565 

,  Norway,  565 

Rattle-snakes,  587 
Raven  tribe^  576 
Ravenela,  489 
Raw  steel,  265 

sugar,  288 

Ray,  electric,  590 
Ray,  florets  of,  455 
Ray-flowered  sab-tribe,  499 
Rays,  590 

— ,  obliquity  of  the  son's, 
106 

of  beat,  103 

of  ligbt,  108 

medullary,  433 

,  wave,  80 

Realgar,  349 
Reaumur's  scale,  86 
Receiver,  92  , 

Receptacles  of  plants,  427 
Recur virostra,  580 
Red,  119 

brass,  268 

clay,  261 

fire,  259 

iron-stone,  266 

lead,  270 

or  brown  charcoal,  237 

Redbreast,  466 
Redshank,  580 
Redstart,  576 
Red  under-wing  moth,  603 

worms,  606 

Reducing  flame,  324 
Reed,  Spanish,  427 
Reed-grass,  483 
Reed-mace  tribe,  484 
Recd-toad,  588 
Reed-warbler,  576 
Reefs,  coral,  465 
Reel,  49 
Refined  sugar,  289 

sulphur,  228 

Reflecting  telescopes,  111 
Reflection  of  beat,  104 

of  light,  108 

Reflectors,  104 
Reflux  tide,  189 
Refraction,  double,  320 

of  heat,  104 

of  light.  111 

Refrangibility  of  light»  119 
Regions,  Polar,  106 
Regulator  (in  watches),  64 
Regulus,  173 


Rein-deer,  560 

Relative  magnitudes  of  the 
sun  and  earth,  175 

Remains,  organic,  371 

Remora,  593 

Renal  artery,  546 

plexos,  527 

Rennet,  569 

Repose,  points  of,  80 

Reptilia,  582 

,  division  of,  583 

Reptiles,  553 

batrachian,  587 

Repulsion,  33,  69 

,  magnetic,  134 

Resin,  yellow-pine,  296 

Resins,  295 

,  earthy,  352 

,  gum,  297 

Resinous  electricity,  123 

Resistance  of  the  air  to  foil- 
ing bodies,  36 

Respiration,  74 

,  effieots   o^  upon   the 

blood,  540 

,  organs  of,  539 

Rest,  40     . 

Resultant  of  forces,  41 

Retarded  velocity,  42 

Rete  mucosum,  547 

Retepora,  618 

Reticulated  cells,  421 

Retina,  115,  551 

Retinite,  352 

Retort,  91 

Rhamnacese,  508 

Rhamnus  oathartioos,  508 

frangula,  508 

Rhampastos,  578 

Rhaphidian  cells,  422 

Rhea  Americana,  579 

Novae  Hollandiss,  579 

Rheum,  493 

undulatum,  439 

Rhinanthus  eophrasia,  471 

Rhinoceros,  568 

Rhizome,  430 

proper,  430 

,  bulbous,  430 

Rhisomorpha,  light  from,  108 

Rhizostoma,  617 

Rhododendron,  495 

Rhomb,  317 

Rhombic  dodecahedroa,  316 

octohedron,  317 

prism,  317 

prism,  obliqae,  317 

Rhubarb,  493 

Riband-fish,  593 

Ribs,  519 

,  pectoral,  519 

,  short,  519 

Rice,  483 

Ricinus  palma  Ghristiy  491 

Rigel,  173 


Right  ttcension,  166 

Ring-dove,  578 

Ring-moth,  603 

Ringed  snake,  oommon,  6S$ 

Rings,  annual,  433 

,  oonoentrio,  438 

,  Saturn's,  196 

Rising  of  the  moon,  18S 

of  the  swi,  160 

River  crab,  597 

eel,  593 

horse,  567 

pike,  592 

tortoise,  684 

Roach,  592 

Robber  gull,  682 

Rooking  shaft,  98 

Rocks,  314 

,  aeoidental  eonstitenti 

of,  356 

,  amygdaloidal,  Z5^ 

,  arrangeffleni  of,  880 

,  daasificaiiofi  o^  8M 

,  compound,  866 

,  configuration  and  ar- 
rangement ti  the 
varioiu  species  o( 
383 

f  crumbled,  363 

,  crystalline,  866,  867 

,  description  of,  866 

,  distinctly  mixed,  861 

,  fissured,  365 

,  fragmentary,  369 

,  fundamental,  874 

,  indistinctly  mixed,  848 

,  internal  forma  o^  864 

,  irregularly  massive,  306 

,  loose,  356 

,  massive,  369,  407 

,  meebanieaUj   mixedp 

361 

,  mixed   or   eompovad, 

357 

,  primitive,  374^883,407 

f  simple,  356 

,  simple  or  unifomiy  867 

f  slaggy,  356 

,  slaty,  356 

,  special  forms  of,  d<8 

,  stratification  of,  Z6C 

,  structure  of,  364 

,  superpositioii  of,  800 

,  tertiary,  450 

,  transition,  386 

,  trunk-shaped,  369 

Rock  crystal,  246,  880 

pigeon,  580 

Rock-salt,  831,  357,  801 

Rod,  connecting,  97 

,  discharging,  126 

,  eocentrio,  97 

,  piston-,  97,  99 

Rodentia,  564 

Roe,  569 
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Roestone,  834 
Roller-snail,  612 
Roll  sulphur,  229 
Roman  alum,  338 
Rook,  576 
Root,  428 

f  functions  of,  429 

Root-leaves,  435 
Root-stock,  430 
Roots,  terial,  429 

,  compound,  428 

,  conical,  428 

,  cylindrio,  428 

,  fasciculate,  429 

,  fibrous,  429 

,  floating,  429 

,  globular,  428 

,  granular,  428 

,  marsh- mallow,  298 

,  palmate,  428 

f  simple,  428 

,  spindle-shaped,  428 

f  swimming,  429 

,  tapering,  428 

,  tubercular,  428 

,  turnip-shaped,  428 

of  the  teeth,  522 

Rosacese,  504 
Rose,  Alpine,  495 

,  Japan,  510 

mica,  342 

quarte,  330 

tribe,  504 

Rose-apples,  504 
Rose-oil,  506 
Rosemary,  493 
Rotate-worm,  608 
Rotation  of  crops,  470 
of  the  earth   and  the 

sun,  176 
of  the    sun  round  its 

axis,  175 
Rotifer  vulgaris,  608 
RoUfera,  619 
Rouge,  English,  266 
Round  worms,  615 
Rousette,  561 
Rubia,  500 
Rubiaceffi,  500 
Bubble-stones,  363 
Ruby,  337 

glass,  255 

Rue,  5(f9 

tribe,  508 

Ruffe,  581 
Rum,  304 
Rumex,  493 

,  leaves  of,  439 

acetosella,    leavM    o^ 

440 
Ruminantia,  568 
Runner  (flour-mill),  58 
Russian  leather,  303 
RutacesB,  508 
Bye,  483 


Rye-grass,  488 
RynchsBnns,  601 

Sabbllas,  607 
Sable  marten,  562 
Sacoharum,  483 
Sacral  vertebrae,  519 
Sacred  ibis,  580 
Safety  lamp,  241 

valve,  50, 101 

Safflor,  499 
Saffron,  486 

wood,  297 

Sage,  493 

,  calyx  of,  447 

Sagittaria,  484 

Sago,  287,  486 

Sago-palm,  486 

Sagou,  559 

Sagus,  486 

Saint  Gothard,  rock  orystal 

of,  246 
Salad,  field,  499 

slug,  611 

Salamanders,  588 
Salamandra,  588 
Sal-ammoniac,  256 

,  spirit  of,  256 

Salep,  489 

root,  298 

Salicia,  499 
Salicomia,  490 
Saline  clay,  363 

matter  of  blood,  535 

springs,  253 

Saliva,  531 

,  alkaline  properties  of, 

531 
Salivary  glands,  531 
Salix  cinera,  473 

herbacea,  473 

viminalis,  473 

Salmo,  591 

lacustris,  691 

salar,  591 

trutta,  592 

Salmon,  591 

,  kippered,  591 

SalpsB,  613 
Salsolas,  490 
Salt,  224,  331 

,  culinary,  253 

,  decrepitating,  332 

,  preparation  of,  253 

,  rock,  331 

of  sorrel,  283 

Salterns,  253 
Salt-formers,  247 
Saltpetre,  251 
,  preparation    of,    from 

animal  matter,  251 
Salts,  352 

,  anhydrous,  221 

,  Epsom,  259 

,  Glauber's,  254 


Salts,  haloid,  247 

of  sulphur,  248 

Salvia,  calyx  of,  447 
Sambucus  nigra,  498 
Sand,  363 

eel,  593 

martin,  576 

Sandarach,  296 
Sand-pipers,  580,  681 
Sand-sparkler,  600 
Sand-strata,  397 
Sand,  volcanic,  361 
Sand-worm,  608 
Sandstone,  362 

,  coal,  387 

1  flexible,  357 

,  green,  362 

»  gray,  343 

f  new  red,  387 

,  old  red,  387 

,  red,  393 

,  variegated,  392 

Sandy  marl,  362 
Sanfoin,  506 
Sap,  cellular,  422 
Sap-green,  508 
Sap,  liquefied,  434 
Saponaria,  511 
Sapphire,  260,  337 
Sardine,  592 
Sarsiers,  560 
Satellites  of  Jupiter,  196 
Saturation,  221 
Saturn,  196 
Saturn's  moons,  196 

rings,  196 

Sauce-mussel,  612 

Sauri,  584 

Saw-fish,  589 

Saxon  sulphuric  acid,  381 

Scabious,  499 

Scalaria,  612 

Scale,  centrigrade,  86 

,  diagonal,  149 

,  Fahrenheit,  86 

,  Reaumur's,  86 

Scales,  547 
Scansores,  577 
Scapula,  521 
Scarabceus,  600 
Scarus,  593 
Schcererite,  362 
Scbiefer-spar,  334 
Schiller-spar,  330,  368 
Scbweinfnrt  green,  269 
Seincus,  586 
Scion,  445 
Scirpus,  483 
Scissors,  49 
Sciurina,  564 
Sciurus  glis,  666 

vol! tans,  666 

vulgaris,  665 

Sclerotic  tunic,  1 16,  661 
Scolopacids,  580 
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Scolopax  media,  581 

rusticola,  681 

Scolopendra,  597 
Scomber,  594 
Scorzonera,  499 
Scorpion,  605 
Scorpion-bags,  602 
Scoria,  rolcanic,  361 
Scorodite,  344 
Screamer,  580 
Screech-owl,  576 
Screw,  47 

animalcules,  619 

,  Archimedean,  47 

Scrophulariacese,  496 
Sea,  374 
Sea-bat,  593 
Sea-calf,  571 
Sea-coral,  618 
Sea-cork,  618 
Sea-cow,  Atlantic,  672 
Sea-crab,  597 
Sea-cucambers,  614 
Sea-devil,  593 
Sea-dog,  569 
Sea-dragon,  591 
Sea-eagle,  574 
Sea-eel,  593 
Sea-feather,  618 
Sea-flea,  597 
Sea-grapes,  618 
Sea-gronndling,  697 
Sea-hare  snail,  611 
Sea-kale,  511 
Sea-lilies,  616 
Sea-lion,  571 
Sea-monk,  571 
Sea-nettles,  616 
Sea-pink,  615 
Sea-ponj  fish,  591 
Sea-raven,  582 
Sea-snakes,  586 
Sea-swallow,  582 
Sea-tulip,  597 
Sea-urchins,  614 
Sea-wolf,  593 
Seal  tribe,  571 
Seasons,  180 
Secalo,  483 
Secant,  146 
Secondary  axes,  428 

axes  of  crystals,  816 

form  of  the  octohedron, 

315 
mountain  formations, 

394 
Seconds,  143 

pendulum,  37 

Secretary  bird,  576 
Sedge  tribe,  483 
Sedum  acre,  436 
Seed,  443,  457 
Seed-buds,  457 
Seed-crow,  576 
Seed.lobe,  436 


Seed,  quince,  298 
Seeds,  vitality  of,  472 
Segner's  wheel,  65 
Soidlitz,  mineral  waters  of, 

335 
SciilsbUtz,  mineral  waters  of, 

335 
Selenite,  333 
Sclters'  waters,  240 
Semi-opal,  331 
Semitones,  82 

Semi-transparent  glass,  264 
Scmnopithecus  nemsBus,  559 
Senna  plant,  508 
Sensation,  faculty  of,  616 

and  motion,  nerves  of, 

525 

,  organs  of,  618 

Sense,  organs  of,  646 
Senses,  26 
Sensible  heat,  106 
Separation  of  gold,  274 
Sepia,  609 
Serpent  tribe,  586 
Serpentine,  336,  367 
Serpents,  venomous,  686 
Serpulao,  608 
Serum,  536 

Sesquichloride  of  chromium, 
272 

of  iron,  266 

Sesquioxide  of  bismuth,  347 

of  chromium,  271,  349 

of  iron,  266,  343 

Sesquisulphide  of   bismuth, 

347 
Sessile  anthers,  449 

flowers,  452 

leaves,  435,  437 

stigmas,  451 

Setting  of  the  sun,  161 
Sextant,  146 
Shark,  594 

,  giant,  689 

,  hammer-headed,  689 

tribe,  589 

,  white,  589 

Shad,  592 
Shaddock,  610 
Shadow,  108 
Shaft,  crank,  97 

,  wiper,  98 

,  rocking,  98 

Shagreen,  589 
Shamois  leather,  302 
Sheathing  leaf,  435 
Sheep,  569 

,  fat-tailed,  570 

,  domestic,  669 

,  Peruvian,  670 

,  Sardinian,  669 

Sheet  flsh,  592 
Sheet  glass,  266 

lightning,  128 

Sheild  fern,  482 


Shellac,  296 
Shell-limestone.  391 
Shoe  (flour-mill),  59 

leather,  302 

Short  axis  of  the  ellipse,  147 
Shortsightedness,  116 
Short-winged  beetle,  600 
Showman's  ape,  669 
Shrew,  common,  561 

,  pigmy,  561 

Shrimps,  597 

Sidereal  day,  183 

Siderite,  330 

Sight,  organ  of,  551 

Signs  of  the  Zodiac,  172, 173 

and  constellatioiM,  181 

Silenes,  511 

Silica,  329 

Silicate  of  copper,  346 

of  lime,  268 

of  manganese,  344 

of  potassa,  253 

of  protoxide  of  tin,  262 

of  soda,  254,  830 

of  sine,  271 

Silicates  of  alumina,  261 
Silicic  add,  24 
Silioious  marl,  363 

oxide  of  sine,  848 

plants,  468 

—  sandstone,  362 

sinter,  331,  404 

springs,  404 

Silicium,  246,  329 
Silicic,  456 
Silique,  456 
Silk-worm,  604 

chrysalis,  604 

moth,  604 

Silurus  electricus,  502 
Silver,  273,  350 

,  antimonial,  350 

— ,  bismuthie,  360 

,  black  sulphide  of,  350 

,  brittle  sulphide  of,  350 

— — ,  bromide  of,  350 

,  carbonate  of,  850 

,  chloride  of,  274,  350 

coinage,  268 

and  copper,  sulphide  ol^ 

350 

,  Oerman,  268 

,  grain,  434 

,  iodide  of.  274 

litharge,  270 

,  native,  350 

,  natural  alloys  o^  350 

,  nitrate  of,  274 

pheasants,  578 

,  sulphide  of,  350 

,  vitreous,  350 

Silvering   by    the    galraeie 

process,  277 
Simla  satyrus,  569 
troglodytes,  559 
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Simiad»,  559 
Similor,  268 
Simple  groups,  212 

radicals,  281 

Sine,  152 
Sinew,  524 
Singing  birds,  575 
Single-armed  lever,  49 
Sinter,  silicioos,  331 
Siredon,  588 
Sirene,  588 
Sirius,  173 
Siskins,  576 
Sitta,  576 
Sitting-bone,  521 
Skeleton  of  animals,  618 

,  human,  521 

Skin,  547 

,  evaporation  froniy  548 

,  pores  of,  30 

Skip-jack,  600 

Skittle-snail,  612 

Skink,  585 

Sknll,  525 

Skunk, 562 

Slftjfgy  lava,  361 

Slaj;  of  iron  furnaces,  264 

8hx^9,  412 

Slaked  lime,  257 

Slate,  alum,  357 

,  chlorite,  336 

clay,  357 

,  cupriferous,  363 

,  dark-gray,  357 

,  flinty,  330 

,  mica,  287 

,  polishing,  331 

,  whetatono,  287 

Slates,  383 

Sleep,  546 

Slip,  445 

Sloe,  506 

Sloth,  566 

Slow  carbonisation,  807 

Slug,  common,  611 

Slugs,  611 

Sly  silurius,  592 

Smalts,  268,  345 

Smees  battery,  132 

Smell,  organ  of,  549 

Snails,  610 

,  edible,  611 

,  cylindrical  ooral,  586 

Snake,  haje,  586 

,  ppectacled,  586 

Snake-fish,  593 
Snakes,  harmless,  586 
Snake-stone,  336 
Snipe,  common,  581 
Snipe-fish,  594 
Snow,  94 

clouds,  94 

,  crystals  of,  94 

,  flakes  of,  94 

Snow-ball,  498 


Snow-bnnting,  576 
Snow-drop,  486,  513 
Snufi'-box  tortoise,  583 
Snipes,  580 
Soaps,  293 
Soap-stone,  336 
Soap-wort,  511 
Soda,  332 

alum,  338 

ash,  253 

,  biborate  of  (Min.),  332 

,  carbonate  of  (Min.),  332 

glass,  254 

,  nitrate  of,  331 

,  silicate  of,  254 

soaps,  293 

,  sulphate  of,  254 

Sodalite,  340 
Sodium,  252 

,  chloride  of,  252, 331 

,  oxide  of,  252 

Soft  soap,  293 

water,  222 

SolanaceoQ,  495 
Solanum  dulcamara,  496 

lycopersicum,  497 

nigrum,  496 

oviferum,  497 

tuberosum,  496 

Solar  day,  183 

eclipse,  partial,.  192 

eclipse,  total,  191 

light,  duration  of,  179 

light,  polar  altitude  of, 

179 

plexus,  527 

spectrum,  119 

Solder,  270 

Solen,  612 

Soles,  593 

Solid  bodies,  29 

contents  of  the  earth, 

155 

substances,  32 

Solidification  of  carbonic  add, 

240 
Solids,  32 
,  expansion  of,  by  heat, 

85 
Solidungula,  568 
Solstice,  summer,  160,  178 

,  winter,  160,  179 

Soluble  glass,  252 

Solution  of  ammonia,  256 

Song-thrush,  576 

Soot,  237 

Sorex  araneus,  484 

Son,  561 

Sorrel,  salt  of,  283 

Soul,  79 

Sound,  31,  79,  81 

f  conduction  of,  84 

figures,  88 

,  velocity  o^  88 

waves,  81 


SouD'l,  waves  of,  81 

Sounding  stone,  360 

Sources  of  light,  107 

South,  160 

pole,  156 

Sow,  domestic,  567 

,  Java,  668 

Space,  26 

,  occupation  of,  27 

Spaces,  intercellular,  427 

Spadix,  453 

Spanish-fly,  498,  601 

Spanish  pepper,  497 

reed,  427,  483 

Spar,  340 

,  bitter,  336 

,  brown,  335 

,  calcareous,  333 

,  celestine,  335 

,  double  refracting,  334 

,  fluor,  332 

,  heavy,  334 

,  Iceland,  334 

,  magnesite,  336 

,  shiefer,  334. 

,  line,  348 

Sparganium,  484 

Spark,  electric,  122 

Sparrow,  577 

Sparrow-hawk,  575 

Sparus,  593 

Spathic  ironstone,  344,  357 

Spurge  tribe,  490 

Speaking  trumpet,  84 

tubes,  84 

Spear-pike,  592 

Special  astronomical  pheno- 
mena, 174 

Specific  gravity,  27 

minerals,  319 

heat,  106 

gravity,  method  of  de- 
termining, 68 

Spectacled  snake,  586 

Spectacles,  116 

Spectre-louse,  597 

Specular  iron,  264 

Speis-cobalt,  344 

Spermaceti  whale,  572 

Sphaorosiderite,  344 

Sphenoid  bones,  522 

Sphenopteris  Hibberti,  388 

Sphere,  147 

,  cubic  contents  of,  147 

,  saperficial  contents  of, 

147 

Sphynx  atropos,  603 

convolvuli,  603 

euphorbii,  603 

ocellata,  603 

Spider  crab,  597 

fish,  593 

Spiders,  554,  606 

Spikes,  452 

— ,  compound,  463 
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Spinach,  490 
Spinal  nerves,  626 
Spindle,  98 

gnail,  612 

Spinel  ruby,  338 
Spinels,  338 
Spiral  cells,  421 

springs,  31 

Spirifer  altematis,  389 
Spirit  of  hartshorn,  311 

of  sal  ammoniac,  266 

of  wine,  290 

,  formula  of,  279 

Spirituous  drinks,  304 
Spine,  519 

Splanchnic  nerres,  527 
Spleen,  518,  521 
Spodumene,  340 
Sponge,  620 

speoulse,  406 

Spongy  platinum,  276 
Spontaneous  deoompositioD, 

303 
Spoonbill,  580 
Spores,  442,  480 
Spots  on  the  sun,  176 
Spotted  orchises,  489 

—  thrush,  576 
Spring,  clock,  59 

globe-fish,  691 

Springs,  31 

f  mineral,  22^ 

,  saline,  263 

,  silioious,  404 

,  spiral,  31 

,  sulphur,  231 

f  thermal,  222 

Spurge  sphynx,  603 
Squalus,  589 
cnnicula,  589 

—  carcharius,  589 

—  maximus,  589 

pristis,  689 

Squills,  596 
Squirrel,  564 

,  flying,  565 

monkey,  559 

Squirting-fish,  594 
Stained  glasses,  255 
St  Bernard's  dog,  563 
St  Ignatius'  beans,  598 
St  John's  bread-tree,  608 
St  John's  wort,  anthers  of, 

450 
St  Peter's  fowl,  582 
Staff,  Jacob's,  173 
Stag,  569 

beetle,  600 

Stalactites,  368 
Stalagmitoii,  368 
Stalk,  430 
Stamens,  442,  449 

,  analogy  of,  to  leayes, 

449 
,  real  charaottr  of,  449 


Standing  waves,  79 

Staphilinus,  600 

Star,  declination  of,  166 

,  evening,  196 

,  morning,  196 

of   Bethlehem   (Bot), 

485 

,  pole,  159 

Star-fishes,  616 
Star-gaeer,  594 
Stars,  altitude  of,  164 

,  binary,  200 

,  culmination  of,  162 

,  fixed,  170 

1  light  from  fixed,  108 

,  parallax  of  fixed,  170 

,  rainy,  173 

Starch,  287 

f  conversion      of,     into 

grape-sugar,  288 

gum,  288 

y  potato,  287 

,  wheat,  287 

Starling,  576 

Stars  visible  in  Europe,  171 
States  of  aggregation,  29 
Stations,  trigonometrical,  152 
Staurolite,  341,  357 
Steam-boiler,  97 

engine,  95 

engine,  construction  of, 

97 
engine,  importance  of, 

96 

engine,  power  of,  96, 98 

engines,  moveable,  97 

engines,  stationary,  97 

,  tension  of,  98 

valve,  98 

vessel,  101 

Stearic  acid,  292,  294 
Stearin  candles,  293 
Stearoptine,  294 
Steatite,  336 
St«el,  264 

,  varieties  of,  265 

Steel-yard,  49 

Stein-book,  570 

Stellate  cells,  422 

Stellio,  586 

Stem,  430 

of  acotyledonoQB  plants, 

431 
of  dicotyledonous  plants 

432 

,  direction  of,  480 

,  duration  of,  430 

,  functions  of,  434 

,  internal  structure    of, 

431 

,  ligneous,  430 

of    monocotyledonoits 

plants,  432 

,  proper,  430 

,  situation  of,  430 


Stem,  subterranMua,  430 

,  underground,  430 

,  woody,  450 

Stem-leaves^  436 
Stenops,  560 
Sterna  hirundo,  682 
St«rnbergite,  360 
Sternum,  521 
Sternns  vulganifl,  576 
Stibium,  272 
Stickle-ba«k,  694 
Stigma,  450,  458 

,  sessile,  461 

Stilbite,  339,  369 
Still,  91 

1  worm  of,  92 

Stinging  nettle,  490 
Stink-stone,  334 
Stipules,  436 
Stock  (Bot),  430 
Stomach,  518,  630 

,  salivary  glands  of,  532 

Stomata,  426 
Stone-fruits,  467 
Stx>ne  asparagus,  333 

,  sounding,  300 

under  flour-mill,  68 

Stones,  314 

,  meteoric,  342 

,  rubble,  368 

Stone- perch,  694 
Stone-marten,  662 
Stone-ware,  262 
Stork,  African,  680 
Storms,  88 

,  hail,  94 

f  thunder,  126 

Strata,  dip  of,  367 

,  heads  of,  367 

,  upright,  367 

Stratified  formations,  374 
Stratus,  94 
Strawberry,  606 
Strike,  367 
Strings  of  harp,  82 

,  piano,  82 

,  vibrating,  82 

Strix  bubo,  675 

fiammea,  676 

noctua,  676 

otus,  675 

Stromboli,  378 
Strombus,  612 
Strongilus,  616 
Strontia,  carbon&le  of,  336 

,  sulphate  of,  336 

Strontiantt«,  336 
Strontium,  259,  336 

,  chloride  of,  259 

Structure  of  bones,  238 
Struthio  camelns,  679 
Strychnine,  286,  498 
Strychnos,  498 
Stubble-fly,  606 
Stucco,  334 
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StaiBng-boz,  98 
Sturgeons,  590 
SturgeoD-loase,  597 
Style,  450,  457 
Sub-clavian  arteries,  535 
Sub-cbloride  of  mercury,  273 
Sublimate,  273 

of  mercury,  273 

Sublimation,  90 
Substances,  indifferent,  212 

f  inorganic,  314 

,  solid,  32 

Subterranean  stems,  430 
Suckers,  429 
Sucking-fish,  593 
Suction-pump,  76 
Sugar,  288 

candy,  289 

,  formula  of,  279 

,  gelatine,  302 

y  grape,  2^ 

y  milk,  289 

of  lead,  282 

Sugar-cane,  483 
Sulphate  of  alumina,  337 

of  baryta,  334 

—  of  copper,  346 

of  iron,  267 

of  lead,  347 

of  lime,  258 

of  magnesia,  259,  335 

of  potassa,  331 

of  protoxide  of  copper, 

269 

of  protoxide  of  iron,  267 

of  soda,  254 

of  soda,  formula  of,  278 

of  strontia,  335 

of  zinc,  271,  348 

Sulphide   of  antimony  and 

lead,  347 

of  arsenic,  234 

of  cobalt,  344 

of  copper,  346 

of  iron,  266 

of  lead,  347 

of  copper  and  lead,  an- 

timonial,  346 

of  manganese,  344 

-of  mercury,  273 

of  nickel,  345 

of  potassium,  250 

of  silver,  350 

of  silver,  black,  350 

of  silver,  brittle,  350 

of  silver   and  copper, 

350 

of  Un,  271 

Sulphides,  231,  248 

,  metallic  colour  of,  231 

,  properties  of  metallic, 

249 
Sulphur,  228,  327 

,  assimilation    of,    by 

plants,  466 


Sulphur  oompounds,  220 

f  liver  of,  250 

,  milk  of,  251 

,  properties  of,  229 

,  purification  of,  228 

salts,  248 

springs,  231 

Sulphuric  acid,  229 

acid,    composition    of, 

218 

,  acid,  formula  of,  278 

acid,     preparation     of, 

229 

acid,  properties  of,  230 

ether,  292 

Sulphurous  acid,  231 
Sumach  tribe,  508 
Summer,  107 

snow-flake,  486 

solstice,  161,  178 

Sun-fish,  519 
Sun-flower,  499 
Sun,  169 

f  culmination  of,  161 

,  eclipse  of,  191 

f  heat  from,  85 

,  light  from,  108 

,  magnitude  of,  175 

f  mass  of,  175 

,  rising  of,  160 

,  rotation   of  the  earth 

round  the.  175, 176 

,  setting  of,  161 

—  and  earth,  174 

,  earth,  and  moon,  187 

Sun's  rays,  obliquity  of,  106 
Suns,  mock,  118 
Sunrise,  160 
Sunset,  161 

Sun's  disc,  spots  on,  175 
Superficial  contents  of  the 
earth,  155 

of  a  sphere,  147 

Superior  planets,  194 
Surface  of  the  earth,  distri- 
bution of  heat  on,  106 
Surgeon-fish,  594 
Sus  babirussa,  568 

scrofa,  567 

Suture  (Bot.),  450 
Swallows,  575 
Swallow-tailed  moth,  603 
Swamp-snail,  612 
Swan  (Astron.),  173 

(Zool.),  582 

Swan-mussel,  612 
Sweat,  548 
Sweet-reed,  484 
Sweet-icented  vernal  graas, 

483 
Sweet-scented  violet,  474, 511 
Swifts,  575 
Swimming-head,  591 
Sword-fish,  594 
Sycamore  tribe,  509 


Sycophant,  600 

Syenite,  358,  408 

,  porphyritic,  358 

,  slaty,  358 

Syenite-porphyry,  359 

Sylvanite,  351 

Sylvia  arundinacea,  576 

atrocapilla,  576 

cinerea,  576 

erithacus,  676 

luscina,  576 

regulus,  576 

rubecula,  576 

troglodytes,  576 

Sylvidae,  576 

Symbols,  chemical,  209 

Sympathetic  ink,  268 

Symphytum,  497 

Synedra  ulna,  405 

Syngenesia,  477 

Syngnathus    hippooampos, 
591 

Synoioum,  618 

Synopsis  of   oxygen  oom- 
pounds, 217 

Syphon,  77 

,  dipping,  77 

,  Mitscherlich's,  77 

Syphonia  elostica,  492 

Syringa,  498 

System,  Copcmican,  197 

,  Egyptian,  197 

,  gangliar,  527 

f  osseous,  517 

,  planetary,  197 

,  Ptolemaic,  197 

of  the  universe,  200 

,  vascular,  534 

of  waves,  80 

Systematic  arrangement  of 
geological  forma- 
tions, 381 

botany,  473 

geology,  372 

Table,  synoptical,  of  mine- 
rals, 327 
of  oxygen  oompounds, 

217 
of   polar   altitude   and 

temperatures,  87 
Tabular  view  of  the  chemical 

constituents  of  food, 

544 
of  the  animal  kingdom, 

553 

of  the  elements,  205 

of  the  lepidoptera,  603 

of  the  orders  of  insects, 

600 
Tachyptera  brassioa,  603 
Tadpoles,  587 
Tsenia  solium,  616 
Tail  of  a  comet,  199 
Tailleas  omstaoesns,  597 
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Tailor-bees,  605 
Talc,  336,  357 
Talc-gneins,  358 
Talc-mica-slate,  357 
Talc-8late,  357 
Talc-gpar,  335 
Talitrufl,  597 
Tallow,  mouDtain,  352 
Talpa  coecca,  562 

Europasa,  561 

inaurata,  562 

Tame  goat,  570 
Tamarind,  508 
Tangent,  146,  152 

of  the  angle,  152 

Tangential  force,  45 
Tannic  acid,  283 
Tannin,  490 

Tanning,  process  of,  302 
Tansy,  499 
Tantalus  ibis,  580 
Tap-roots,  428 
Tape- worms,  616 
Tapestry-bees,  605 
Tapir,  568 
Tapirida,  568 
Tapioca,  287,  491 
Tarantula,  606 
Tartar,  cream  of,  283 

emetic,  272,  283 

Tartaric  acid,  282 
Tartrate  of  antimony,  272 
Tasselled  worms,  607 
Taste,  organs  of,  548 
Tea-shrub,  510 
Teazel  tribe,  499 
Teeth.  522 

,  molar,  522 

Telegraph,  electric,  137 
Telescope,  114 

,  Herschel's,  200 

,  reflecting,  111 

Tellina  gari,  612 
Tellurium,  graphic,  351 
Telphusa,  597 
Temperate  Zones,  106, 180 
Temperature,  85 

,  mean,  106 

,  mean,  of  the  day,  106 

— ,  mean,  of   the  month, 
107 

f  mean,  of  the  year,  107 

Temperatures,  table  of,  87 
Temporal  bones,  522 
Tench,  592 
Tendon,  524 
Tension  of  gases,  70 

of  steam,  95 

Terebinthaccffi,  508 

Terebratula,  612 

Termites,  602 

Tern,  581 

Teroxide  of  antimony,  349 

Terra  de  Sienna,  339 


Tersnlphide    of  antimony, 
272,  349 

of  arsenic,  349 

Terminal  flowers,  452 
Terrestrial  globe,  157 
Tertiary  rocks,  400 
Testacea,  609 
Testndo  gneca,  583 

geometrica,  583 

Tetrandria,  475 
Tetradynamia,  476 
Tetrahedron,  316 
Tetramera,  600 
Tetrao  bonasia,  578 

cotumix,  578 

lagopus,  578 

perdriz,  578 

scotica,  578 

orogallus,  578 

tetrix,  578 

Tetraonidse,  578 
Tetrodon,  591 
Thenardite,  332 
Thermal  springs,  222 
Thermometer,  85 

,  alcohol,  87 

,  construction  of,  85 

,  degrees  of,  86 

f  graduation  o^  86 

,  mercury,  85 

Thigh-bone,  521 
Thistle-finch,  576 
Thomsonite,  339,  359 
Thoracic  duct,  533 

ganglia,  527 

lacteal  duct,  538 

Thorictis  draoeena,  584 
Thorax,  521 
Thorn-apple,  496 
Thornbaok,  591 
Thread-worms,  615 
Three-toed  ostrich,  580 
Throttle-Talvc,  98 
Thrushes,  575 
Thunder,  127 
Thunder-storm,  128 
Thymallns,  592 
Thyme,  493 
Thynnus,  594 
Thyrsus,  454 
Tibia,  521 
Ticks,  606 
Tide,  ebb  of,  189 

,  flow  of,  189 

,  high,  190 

f  low,  190 

,  reflux,  189 

Tides,  188 
Tiger,  564 

boa,  686 

Tiger-shell  snail,  612 
Timber- wasp,  604 
Time,  26 
>  equation  of^  188 


Timothy  grass,  488 
Tin,  270,  348 

alloys,  270 

,  binoxide  of,  348 

ore,  358 

ore,  fibroos,  348 

,  protochloride  of,  271 

,  protoxide  of,  271 

pyrites,  346 

f  silicate  of  protoxide  o^ 

271 

,  sulphide  of,  271 

Tinder,  Qerman,  481 
Tinder-box,  pneumatic,  176 
Tinea  granella,  603 

pellionella,  603 

saroitella,  603 

Tin-foil,  270 
Tinkal,  247,  332 
Tinstone,  270,  348 
Tissue,  animal,  517 

,  annular,  424 

,  bony,  517 

^,ceUular   (Bot.),   430, 

425 

,  cellular  (ZooL),  517 

,  fibrous,  423 

,  porous,  424 

,  scalariform,  424 

f  spiral,  424 

,  vascular,  423,  424 

,  woody,  420,  426 

Tit,  bottle,  676 

,  long-tailed,  576 

Titmouse,  blue,  576 

,  great,  576 

Toads,  588 

,  garlic-smelling,  588 

Tobacco,  496 

Toddy,  488 

Toes,  bones  of,  522 

Tolu,  ba]sara  o^  508 

Tomback,  268 

Tones,  height  and  depth  o^ 

81 

,  whole,  82 

Tongue,  547,  548 

Tooth  of  the  elephant,  557 

Toothed  wheels,  55 

Tooth-wort,  471 

Topax,  342,  358 

Torpedo,  590 

,  electrical    organi    oi, 

590 
Torricellian  yaonnm,  72 
Torrid  Zone,  106 
Tortoise,  edible,  584 

,  European,  584 

,  geometrical,  588 

,  giant,  584 

,  land,  583 

,  marine,  584  . 

— ^,  marsh,  588 
,  river,  584 
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TortoiMy  SBufT-box,  583 

TortoiBO-flhell  spider,  606 

Total  eolipse  of  the  moon, 
1§1 

eclipse  of  the  sun,  191 

Totanus  glottis,  581 

sta^atilis,  581 

Totter-grass,  483 

Toncan,  578 

Touch-stone,  330 

Tourmaline,  341,  357 

Tourmaline-slat^  357 

Tozotes  jaonlator,  594 

Trachea,  539 

Trachyte,  361,  411,  412 

Traohjpetes,  582 

Trade-wind,  88 

Tragaoanth-gom,  508 

Transit  instrument,  165 

of  Mercury,  195 

Transition  rooks,  385 

Translucent  bodies.  111 

Transmission  by  conduction, 
103 

of  heat,  102 

of  motion,  54 

Transparent  bodies,  111 

Transparency   of  minerals, 
320 

Trap,  358,  860 

Trap-dyke,  raised,  412 

,  sunk,  412 

Trap-formation,  409 

Trap-rock,  365 

Trass,  364 

Travertine,  404 

Treacle,  289 

Tree-aloe,  486 

Tree-creeper,  576 

Tree-lark,  576 

Tree-snake,  green,  586 

Tree-waz,  294 

Tree,  baobab,  472 

Trefoil,  506 

Trencher-snail,  612 

Triandria,  475 

Triangular  mussel,  612 

Trias,  382 

Trichecus  rosmarus,  571 

Trichooephalns,  615 

Triethyl-ammonia,  286 

Trigeminal  nerves,  526 

Trigla  hirundo,  594 

Trigonocephalus,  587 

Trigonometry,  151 

Trigonome^cal    mensura- 
tion, 152 

stations,  152 

Trimera,  600 

Tringa,  581 

Tripoli,  339,  405 

Triticum,  488 

Trituration  breccia,  361 

Trochilus,  577 

Trombidium,  606 

44 


Trona,832 

Tropical  lone,  106, 178 

Tropic-bird,  582 

Tropic  of  Cancer,  167, 179 

of  Capricorn,  167, 179 

Tropics,  162 

Trout,  salmon,  591 

Truffle,  482 

Trumpet  animalcules,  619 

,  hearing,  84 

,  speaking,  84 

Trumpet-snail,  612 
Trunk  (ZooL),  518 

,  bones  of,  519 

Trunk-flsh,  591 

Tuber,  446 

Tubes,  capillary,  84 

,  hair,  34 

,  hot-air,  99 

,  speaking,  84 

Tufa,  364 

,  calcareous,  834,  402 

Tufted  worms,  607 
Tulip,  485 
Tulip-tree,  492 
Tunica  ehoroidis,  551 

sclerotica,  115,  551 

Tunicats,  613 
Tunny,  594 
Tunny-louse,  597 
Turban,  486 
Turbellaria,  608 
Turbine,  65 
Turbinated  bones,  549 
TurbiporidsD,  618 
Turbot,  593 
Turdus  morula,  576 

musicus,  576 

pUaris,  676 

polyglotta,  576 

vesdvorous,  576 

Turf,  239,  329,  404 
Turf-moss,  482 
Turkey,  578 
Turkey-red,  500 
Turk's-cap,  486,  615 
Turmeric,  297 
Turnip,  511 
Turnip-fly,  600 
Turn-stone,  580 
Turpentine,  296 
Turpentine  oil,  295 
Turritites  costata,  398 
Turtle-dove,  578 
Turtle  tribe,  583 
Tussilago,  499 
Tympanum,  549 
Type  metal,  272 
TyphacesB,  484 

UiSTrn,  560 

Ulna,  521 

Ultramarine,  262,  340 

Umbel,  454 

,  compound,  454 


Umbellate  tribe,  600 
UmbelUfersB,  600 
Umber,  343 
Umbra,  190 
Unao,  566 

Under-ground  stems,  480 
Under  Jaw,  522 
Undershot-wheel,  57 
Understone  (flour-mill),  68 
Undnlatory  motion,  79 
Unequal-armed  lever,  49 
Unicom-flsh,  591 
Unilocular  fimi^  456 
Unit  of  length,  41 

of  weight;  89 

Universe,  system  o^  200 
Upas,  490 

tieute,  498 

Upright  strata,  367 
Upupa  epops,  577 
Urania  speciosa,  489 
Uranoscopos,  594 
Uranus,  197 
Uria  troile,  581 
Urn  animalcules,  619 
Uroehs,  570 
Ursus  Americanns,  562 

arctos,  562 

lotor,  562 

martimus,  562 

spelsBus,  406 

Urtica,490 
UrticaceK,  490 

VAoonnvic  myrtillus,  495 

vitis  idsBa,  495 

Vacuum,  fUling  of  bodies  in, 

86 
— ,  torrioellian,  72 
Valerian,  common,  500 

tribe,  499 

ValerianacesB,  499 
Valve,  eduction,  98 

,  safety,  50,  101 

,  sliding,  99 

,  steam,  98 

,  throttle,  98 

Valves  of  the  hearty  537 
Vampyre,  561 
Vanilla,  489 
VaniUus,  580 
Vapour,  92 
Vaporization,  93 
Varieties  of  iron,  264 

of  steel,  265 

Varnish,  270 

Vascular  tissue,  bundles  o^ 

423,  424,  432 

system,  534 

Vega,  173 
Vegetable  bases,  298 

bodies,  462 

charcoal,  236 

fibre,  298 

fibrin,  301 
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Vegetable  gelatin,  298 
matter,  products  of  the 

decompositioii    of, 

300 

mucilage,  298 

physiology,  469 

substances,  quantity  of 

ash  in,  467 
Vegetables,  ascent  of  sap  in, 

423 
Vegetation,    elementary    or 

fundamental  organs 

of,  420 
,  eompound   organs    of, 

420,427 
^— ,  organs  of,  418 

,  simple  organs  of,  420 

Veins,  origin  of  (Geol.)i  374 

(Oeol),  309 

(ZooL),  534,  638 

,  pulmonary,  638 

Velocity,  41 

,  aeoelerated,  42 

and  direction,  41 

,  equal,  41 

,  final,  42 

of  heat,  104 

of  Ught,  108 

,  maximum,  42 

f  mean,  42 

of  sound,  83 

of  the  earth's  orbitual 

motion,  176 

f  retarded,  41 

VensB  oaysB,  636 
Venenosi,  686 
Venous  blood,  636 
Venus,  106 

,  girdle  of,  617 

,  phases  of,  105 

Venomous  serpents,  686 
Ventricle,  right,  637 

,  left,  637 

Veratrum  album,  484 
Verbascum,  497 
,  Verdigris,  269,  282 
*  Verge  of  a  watch,  63 
Vermilion,  273 

,  preparation  of,  204 

Vernal  equinox,  161,  178 

grass,  483 

point,  162 

Veronese  green,  344 
Veronicas,  406 
VertebrsB,  619 

,  cervical,  619 

,  coocygial,  619 

,  dorsal,  619 

,  lumbar,  619 

,  sacral,  519 

Vertebral  column,  519 
Vertebrata,  653,  665 
Vertex  of  the  angle,  142 
Vertical  position,  63 
Verticilled  involucre,  454 


VespsB,  604 
VespertiUo  murinus,  661 

noctuta,  661 

Vessel,  steam,  101 
Vessels,  absorbent,  537 

,  capillary,  636 

f  circulatory,  634 

f  lymphatic,  536 

,  milk-sap,  426 

,  nudeal,  423 

Vesta,  194 

Vesuvius,  crater  of,  377 
VexiUum,  448 
Vibration,  31 

,  phenomena  of,  78 

Vibrations,  79 

of  ether,  79 

of  heat,  84 

in  general,  79 

of  matter,  79 

Vibrating  strings,  82 
Vibrio,  619 
Viburnum,  498 
Victoria  regia,  613 
Victor's  laurel,  492 
Vinca,  498 
Vine  beeties,  601 
Vine  tribe,  509 
Vinegar,  282 
Viola  arvensis,  611 

oanina,  474 

odorata,  474 

tricolor,  474,  511 

ViolacesB,  611 
Violet  (Phys.),  119 
Violet,  common,  438 

,  dog,  438,  474 

,  sweet,  474,  511 

tribe,  511 

Violet-glass,  255 
VioletU  antica,  362 
VioUn  bow,  83 

bridge,  83 

Viper,  common,  687 

,  coral,  687 

,  lance-headed,  687 

,  yellow,  687 

Viper's  bugloss,  497 
Viperus  berus,  586 
Virgin,  173 
Vis  inertia,  27 
Viscera,  618 

,  nerves  of,  526 

Vision,  114 

,  angle  of,  160 

Vitacese,  509 
Vital  power,  459 
Vitality,  459 

f  organs  of,  630 

Vitreous  copper,  346 

electricity,  123 

humor,  114,  661 

silver,  350 

Vitriol,  blue,  346 
,  green,  267,  343 


Vitriol,  white,  271 
VittsB,  501 
Viverra  sibetha,  663 
ViverridsB,  663 
Vivianite,  343 
Volatile  bodies,  96 
Volatile  oUs,  294 
Volcanic  formations,  374, 407 

group,  412 

sand,  361 

scoria,  361 

tufa,  364 

Voloanos,  375 
— -,  extinct,  412 
Voltaic  pile,  129 
Voluntary  morementi^  515 
Voluta,  612 
Volvox  navicular,  619 
Vomer  bone,  619 
Vnltur  cinerens,  574 

fhlvus  seu  leucoeephs* 

lus,  574 

gryphus,  574 

percnopterus,  674 

Vulture,  carrion,  574 

,  Egyptian,  574 

f  gray,  674 

,  white-headed,  574 

Vultures,  674 

Wackb,  359 
Waoken,  386 
Waggoner,  172 
Wagtail,  677 
Wall-bees,  606 
Walnut-tn»e,  508 
Walrus,  671 
Warbler,  Alpine,  676 
Warm,  84 

Washing  fnngia,  617 
Wasps,  604 

Watch,  discovery  o^  64 
Witches,  cylinder,  64 
Water,  221 

bearer,  174 

beeties,  600 

bugs,  601 

^  chemical  qualities  ti, 

220 

,  eompressibility  of,  30 

coot,  black,  681 

of  crystallisation,  121 

— ,  deoompotfition   of,  \fj 

electricity,  276 

,  formation  of,  220 

,  formula  ol^  278 

flea,  697 

,  glass,  252 

,  Goulard's,  282 

,  hard,  222 

henaook,  603 

— —  hens,  581 

high,  189 

lady,  602 

^,  laurel,  246 
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Water  lily,  427 

lily,  oorolU  of,  449 

lily  tribe,  613 

,  lime,  267 

,  low,  18© 

in  the  moon,  185 

newt,  588 

pig,  685 

plantain  tribe,  484 

f  preparation    of,    from 

oxygen  and  hydro- 
gen, 220 

rail,  681 

,  Belter's.  240 

snake,  common,  688 

snake,  yellow,  688 

,  sofl,  222 

spider,  808 

spoats,  89 

tree,  480 

vole,  686 

Waters,  acidulous,  240 

,  chalybeate,  287 

Wavellite,  338 

Ware  lines,  81 

motion,  70 

rays,  81 

Wares  of  light,  119 

,  progressing,  79 

of  sonnd,  81 

,  standing,  79 

system  of,  79 

Wax,  294 

,  earth,  352 

,  mountain,  362 

Wax-wing,  Bohemian,  678 

Way,  milky,  170 

Weapons,  Celtio,  404 

Weasel,  682 

Wedge,  47 

Weevils,  801 

Weger,  172 

Weighing  machine,  49 

Weight,  38,  69 

f  dock,  69 

,  unit  of,  39 

Weights,  38 

,  atomic,  210 

,  comparison  of,  39 

Wemerite,  341 

West,  160 

Wetting,  33 

Whale  louse,  597 

mussel,  818 

tribe,  671 

Wheat-stariJh,  287 

Wheel  animalcules,  808 

and  axle,  63 

,  balance,  83 

,  bevelled,  60 

,  breast,  67 

,  eccentric,  97 

,  fly,  68 

,  great    (clock  -  work), 

62 


Wheel,  intermediate  (clock- 
work), 83 

^,  minute   (clock-work), 

62 

,  Segner's,  65 

,  undershot,  67 

Wheels,  toothed,  65 

Whetstone,  330 

Whetstone-slate,  357 

Whinstone,  368 

Whiriwinds,  89 

Whistle,  101 

White  antimony,  849 

arsenic,  234 

fire,  Bengal,  234 

lead,  270 

leather,  302 

Ught,  119 

sugar,  289 

vitriol,  271 

Whoris,  446 

WUd  ass,  668 

cat,  664 

cherry,  606 

duck,  682 

goat,  670 

pear,  606 

Will,  615 

Willow,  611 

Wind,  88 

Windlass,  49 

Window-glass,  254 

Windpipe,  639 

Wind,  trade,  88 

Winds,  88 

Wine,  spirit  of,  290 

Wines,  305 

Winged  snail,  612 

Winter,  106 

cherry,  497 

solstioe,  160, 179 

Wiper  shaft,  98 

Wires,  piano,  82 

Wisteria,  608 

Witherite,  336 

Woad,  611 

Wolf,  563 

Wolf-fish,  693 

Wolfsbane,  613 

Wood,  433 

ashes,  261 

,  BraiU,  297 

,  Campeachy,  297 

charcoal,  236 

,  decayed,  light  from, 

108 

Woodcock,  681 

Wood-louse,  cellar,  697 

Wood-louse  tribe,  697 

Wood-orchises,  489 

Woodpeckers,  678 

Wood-pigeon,  578 

Woodruff,  500 

Woody  fibre,  421 
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Woody  nightshade,  496 

stem,  430 

tissue,  420,  426 

Worm,  blind,  585 

of  the  still,  92 

Worms,  564 

,  red,  607 

,  white,  608 

Wormwood,  499 

Wren,  common-orested,  576 

,  golden-erested,  676 

Wrist,  621 
Wrought  iron,  264 
Wryneck,  678 

XAHTinnTic  ramofomf  406 
Xiphias,  694 
Xiphosura,  597 

TAif,484 
Yard,  27 
Tear,  161 

,  mean  temperature  oL 

106 
Teast,303 
Yellow,  119 

berries,  297 

bird's-nest,  471 

bottle-glass,  254 

day,  261 

glass,  265 

oak,  297 

pine  resin,  296 

root,  297 

Tew,  489 

ZAMBOin'B  pile,  129 
Zea,483 
Zebra,  668 
Zechstein,  891 
Zenith,  158 

distance,  164 

Zeolites,  338 
Zinc,  271,  348 

blende,  848 

— ,  carbonate  of,  848 

,  protoxide  of,  271 

,  red  oxide  of,  348 

,  sUicate  of,  271 

,  silidous  oxide  of,  848 

spar,  848 

,  sulphate  of,  271,  848 

Zingiberacese,  488 

Zinkenite,  347 

Zircon,  842 

Zodiac,  signs  of,  173,  181 

Zone,  torrid  or  tropical,  106, 

179 
Zones,  cold,  106 

,  frigid,  106,  179 

,  temperate,  106,  180 

Zoology,  615 
Zoophytes,  619 
ZygsDua  malleus,  589 
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CABCFBELL'S  LORD  0HAN0ELLOR8.    New  Bditioii-(Now  Ready.) 

LIVES  OF  THE  LORD  CHANCELLORS 

AWD 

KEEPERS  OF  THE  GREAT  SEAL  OF  ENGLAND. 

FROM  THE  EARLIEST  TIMES  TO  THE  REIGN  OF  KING  GEORGE  lY. 
BT  LORD  CmEF-jnSTICE  CiHBPELL,  A.H.,F.L8.E. 

Second  American,  from  the  Third  London  Edition. 
Complete  in  seven  bandfoma  crown  8vo.  rolumes,  extra  cloth,  or  half  morocco. 

Thif  haa  been  reprinted  from  the  antbor's  most  recent  edition,  and  embraces 
his  extensive  modifications  and  additions.  It  will  therefore  be  found  eminently 
worthy  a  continuance  of  the  great  favor  with  which  it  has  hitherto  been  received. 

Of  the  solid  merit  of  the  work  our  judgment  may  be  gathered  from  what  has  already 
been  said.  We  will  add,  that  from  lU  infinite  fund  of  anecdote,  and  happy  variety  of 
style,  the  book  addresses  itself  with  equal  claims  to  the  mere  general  reader,  as  to  the 
legal  or  historical  inquirer;  and  while  we  avoid  the  stereotyped  commonplace  of  nfhrm- 
ing  that  no  library  can  be  complete  without  it,  wf  feel  constrained  to  afford  ii  a  higher 
tribute  by  pronouncing  it  entitled  to  a  disiniffuished  placeon  the  shelves  of  every  scbolar 
who  is  fortunate  enough  to  possess  it  —  Frazer's  Maaazitu. 

A  work  wiiich  will  lake  As  place  in  our  libraries  us  one  of  the  most  brilliant  ai<d 
valuable  coniributions  to  the  literature  of  the  present  day. — AthttKBum. 

The  brilliant  success  of  this  work  in  England  is  by  no  means  greater  than  its  merits. 
It  is  certainly  the  most  brilliant  contribution  to  Bnglish  history  made  within  our  recollec- 
tion ;  it  has  the  charm  and  freedom  of  Biography  combined  with  the  elaborate  and  care- 
ful comprehensiveness  of  History. — N.  Y.  Tribune. 

B7  THE  SAME  AUTHOR— TO  MATCH. ' 
LIVES"0F  THE 

CHIEF-JUSTICES  OF  ENGLAND, 

From  the  Nonnan  Conquest  to  the  Death  of  Lord  Hansfield. 

In  two  very  neat  vols.,  crown  8vo.,  extra  cloth,  or  half  morocco. 
To  match  the  "Lives  of  the  Ohancellors"  of  the  same  author. 
In  this  work  the  author  has  displayed  the  same  patient  investigation  of  histo- 
rical facts,  depth  of  research,  and  quick  appreciation  of  character  which  have 
rendered  his  previous  volumes  so  deservedly  popniar.  Though  the  "  Lives  of 
the  Chancellors"  embrace  a  long  line  of  illustrious  personages  mtimately  con- 
nected with  the  history  of  England,  they  leave  something  still  to  be  filled  up  to 
complete  the  picture,  and  it  is  this  that  the  author  has  attempted  in  the  present 
work.  The  vast  amount  of  curious  personal  details  concerning  the  eminent 
men  whose  biographies  it  contains,  the  lively  sketches  of  interesting  periods 
of  history,  and  the  graphic  and  vivid  style  of  the  author,  render  it  a  work  of 
great  attraction  for  the  student  of  history  and  the  general  reader. 

Although  the  period  of  history  embraced  by  these  volumes  had  been  previously  tra- 
versed by  the  recent  work  of  the  noble  and  learned  author,  and  a  great  portion  of  its 
most  exciting  incidents,  especially  those  of  a  consiituiional  nature,  there  narrated,  yet 
in  *'The  Lives  of  the  Chief-Justices"  there  is  a  fund  both  of  interesting  information  and 
valuable  matter,  which  renders  the  Itook  well  worthy  of  perusal  by  every  one  who 
desires  to  obtain  an  acquaintance  with  the  constitutional  history  of  his  eoantry.  or  as- 
pires to  the  rank  of  either  a  statesman  or  a  lawyer.  F-  w  lawyers  of  Lord  Campbell's 
eminence  could  have  produced  such  a  work  as  he  has  put  forth.  None  but  lawyers  of 
his  experience  and  acquirements  eould  have  compiled  a  work  combining  the  same  in- 
terest as  a  narration,  to  the  public  generally,  with  the  same  amount  of  practical  inA>r- 
■ation  for  professional  aspiranu  more  particularly .^.Druannui. 


2    BLANCHARD  &  LEA'S  PUBLICATIONS.— (History  (J-  Biography.) 
NIEBTTHR'  S  ANCIENT  HI8TOR7— (A  new  work,  now  ready.) 

LECTURES  ON  ANCIENT  HISTORY, 

FROM  THE  EARLIEST  TIMES  TO  THE  TAKING  OF  ALEXANDRIA  BT  OCTAY lANUS, 

CONTAININO 

The  History  of  the  Asiatic  Natiois,  the  Egyptians,  SroekS;  iBcedoniaas, 
and  Cartha^ians. 

BY  B.  G.  NIEBUHR. 

Teanslateo  fbok  the  German  Edition  of  DR.  MARCUS  NIEBUHR, 

BY  DR.  LEONHARD  8CHMITZ,  F.  R  8.  E., 

IVlth  Additions  aiftd  Gorroetlons  firom  l&ls  o^irn  MSS*  not«s« 

In  three  very  haDdiome  volumes,  crown  octavo,  extra  cloth^  containing  about 

fifteen  hundred  pages. 

From  the  Translator's  Frtface. 

«  The  Lectures  on  Ancient  History  here  presented  to  the  English  public,  em- 
brace the  history  of  the  ancient  world,  with  the  exception  of  that  of  Rome, 
down  to  the  time  when  all  the  other  nations  and  states  of  classical  antiquity  were 
absorbed  by  the  empire  of  Rome,  and  when  its  history  became,  in  point  of  &ct, 
the  history  of  the  world.  Hence  the  present  course  of  Lectures,  together  with 
that  on  the  History  of  Rome,  form  a  complete  course,  embracing  the  whole  of 
ancient  history.  *  *  *  *  We  here  catch  a  glimpse,  as  it  were,  of  the  working 
of  the  great  mind  of  the  Historian,  which  imparts  to  his  narrative  a  decree  of 
freshness  and  suggestiveness  that  richly  compensate  for  a  more  calm  and  sober 
exposition.  The  extraordinary  familiarity  of  Niebuhr  with  the  literatures  of  all 
nations,  his  profound  knowledge  of  all  political  and  human  afiairs,  derived  not 
only  from  books,  but  from  practical  life,  and  his  brilliant  powers  of  combina- 
tion, present  to  us  in  these  Lectures,  as  in  those  on  Roman  history,  such  as 
abundance  of  new  ideas,  startling  conceptions  and  opinions,  as  are  rarely  to  be 
met  with  in* any  other  work.  They  are  of  the  highest  importance  and  interest 
to  all  who  are  engaged  in  the  study,  not  only  of  antiquity,  but  of  any  period  in 
the  history  of  man." 

The  value  of  this  work  as  a  book  of  reference  is  greatly  increased  by  a  very 
extensive  Index  of  about  fifly  closely  printed  pages,  prepared  by  John  Robson, 
B.  A.,  and  containing  nearly  ten  thousand  references;  in  addition  to  which 
each  volume  has  a  very  complete  Table  of  Contents. 


MEMOmS  OF  THE  LIFE  OF  WILLIAM  WIRT. 

BY  JOHN  P.  KENNEDY. 

SECOND  EDITION,  REYISED. 

In  two  handsome  12mo.  volumes,  with  a  Portrait  and  fac-simile  of  a  letter  from 

John  Adams.    Also, 

A  HANMom  LiaaAST  XDrnoK,  ni  two  BnAimFiTLLT  PKnmD  octavo  tolvicib. 

In  its  present  neat  and  convenient  form,  the  work  is  eminently  fitted  to  assone  ths 

position  which  it  merits  as  a  book  for  every  parlor  table  and  for  every  fireside  wkere 

there  is  an  appreciation  of  the  kindliness  and  manliness,  the  inielleot  and  the  afliM- 

tion,  the  wit  and  liveliness  which  rendered  William  Wirt  at  once  so  eminent  in  the 

world,  so  brilliant  in  society,  and  so  loving  and  loved  in  the  retirement  of  his  d<»ieslie 

circle.   Uniting  all  these  attractions,  it  cannot  fkil  to  find  a  place  in  every  private  and 

public  library,  and  in  all  collections  of  books  for  the  ose  or  schools  and  colleges;  for 

(he  young  can  have  before  them  no  brighter  example  of  what  can  be  aecomphsked  by 

industry  and  resolution,  than  the  life  of  William  Wirt,  as  unconsciously  related  by 

himself  in  these  volumes. 

HISTORY  OF  THE  PROTESTANT  RBFORHATIOR  IN  FRAHCB. 
BY  MRS.  MARSH, 

Author  of  "Two  Old  Men's  Tales,"  "  Emilia  Wyndham,"  Ac . 
In  two  handsome  volames^  royal  12mo.y  extra  cloth. 


BLANCHAED  &  LEA^S  PUBLICATIONS.— (Itij/ofy  (^  Bi^^^rapJt^.)    S 
NEW    AMD    IMPROVED    EOtTION. 

LIVES  OF  THE  QUTeNS  OF  ENGLAKD, 

PROM  THE  ^'OR]»IA?l  CO^Q,UIiST. 

WITH   ANECDOTES  OF   THEfR   COUftTS, 

Now  flimt  pabUiliAd  {jrom  Offlp^^  Svcordi^  aod  other  Authentic  DDetmtflnti,  Frivatfl 
as  well  aa  FDbLlc. 

IT&W    EDmOF,   WITH   Al>DITiONa    AND    CCtLUJUmiOWt. 

BY  AGNES  STKICKLAJJfD. 

In  III  Tolctrnflflj  crown  octa?a^  e^ttra  criiDsoa  cloth,  or  fa&irmoro<:co,  |iriiiled  da 

fine  paper  and  large  tjpe. 
Copies  afiUf  iluatitcim^  KdUiim^  in  iwi^lvt  votamrs^  map  BiiUbehadm 

A  TAlii&Mfi  (?fiiiirit)a!ion  id  hiBiorlcal  knowled^^  lo  youin^peTions  esLpecLally,  Ii  etjn^ 
tB.ins  a  mqjia  of  evtry  kitid  of  liiAmncul  mstier  af  iFitRTt?»l,  wliic^h  iiidu^iry  and  tt«i^mt 
cduld  colk'ct.    We  tmve  deikveil  muck  eatercAmment  and  InftLmciion  from  itits  work:.— 

Thu  «xetidlioii  DTthiH  wark  id  equn]  lo  thf«  oancepiIoH.    GreiLt  painH  bave  bijen  trnkeji 
to  ^)ak{^  il  bcitb  tulyr«#iji>g  und  VHlusblc— Ziicnary  Sati^Uf 
A  fri) Arming  work— fuli  vf  miereai,  at  otjco  leiiotis  a^ncl  pleoilng.— Jf0Fiiii«ur  Quizot. 


IITES  DF  THE  QIF££NS  DF  HEMT  TIIL 

AND  OF  HIS  MOTHER.  ELIZABETH  DF  nU, 

BY  MISS  STRICKLAND, 

Complete  ID  ctn«  hitnd«nme  crawn  octavo  Tdlumc,  eilra  cloth.     {Juat  h9uH^\ 


MEMOIRS  OF  ELIZABETH, 

isECOND  QDEEFT  REfiNAKT  OF  EPTGLAND  AND  IRELAND. 

BY  MISS  STRICKLAND, 
Complete  in  ono  h^ndiojue  crown  ocuvo  rolume,  extra  cIoLfa.    {Jual  hi^d,\ 


(JUST  READTO 
MEMORIALS    AND    CORRESPONDENCE 

OF 

CHAHLBB    JAMES    FOX. 

Editeu  bf  lord  JOHN  RUSSELL. 
In  two  Terjr  bandsome  folum^A,  rojal  l2mo,»  extra  cloth. 


THE   QAHDENEFl'5    DiOTtONARY, 

A  DICTION  A  RY  OP  MODERN  GARDENING,  By  G,  W.  Johii*oiitEl«].  Wtthmi* 
meroui  add^ttoua^  by  Uavid  liiLndrHiL^  WiUi  onu  liundfcd  and  elgtiiy  woodl-catft. 
Vfi  one  very  large  royal  12tno.  voJurae^  or  about  6^^  daubiti-coJiiQiiicd  pi^ei^ 

Thii  work  ii  now  odered  at  a  very  low  price. 


(JUST  READY.) 

WISE  SAWS  AND  MODERN  INSTANCES. 

liY  THE  AUTilOR  UF  *SAM  SUCK, 
Id  ofl«  i-ofAl  tSmo.  toJgme. 
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THE  ENG7CL0P1EDIA  AMERICANA; 

A  POPULAR  DICTIONARY  OF  ARTS,  SCIENCES,  LITERATURE,  HIS- 
TORY, POLITICS,  AND  BIOGRAPHY. 

In  foartoen  large  octavo  volumes  of  over  600  doabIe>co1umDed  pages  each. 
For  sale  very  low,  in  various  styles  of  binding. 

Some  years  having  elapsed  since  the  original  thirteen  volumes  of  the  ENCY- 
CLOPEDIA AMERICANA  were  published,  to  bring  it  iip  to  the  present  day, 
with  the  history  of  (hat  period,  at  the  request  of  numerous  subscribers,  the  puo- 
iishers  have  issued  a 

SUPPLEMENTARY  VOLUME  (THE  FOURTEENTH), 

BBUfOtNO  THE   WOBK  THOSOUOHLT  UP. 

Edited  by  HENRY  VETHAKE,  LL.  D. 

In  one  large  octavo  volume,  of  over  650  double- columned  pages,  which  may  be 

had  separately,  to  complete  sets. 


MURRAY'S  ENCYCLOPEDIA  OF  QEOQRAPHY. 

THE  ENCYCLOPEDIA  OF  GEOGRAPHY,  comprising  a  Complete  Description 
of  the  Earth,  Physical,  Statistical,  Civil,  and  Political ;  exhibiting  its  Rela- 
tion to  the  Heavenly  Bodies,  iu  Physical  Structure,  The  Natural  History  of 
each  Country,  and  the  Industry,  Commerce,  Political  Institutions,  and  Civil 
and  Social  Sute  of  all  Nations.  By  Hugh  Murkat,  F.  R.  S.  E.,  &c.  Assisted 
in  Bouny,  by  Professor  Hooker — Zoology,  &c.,  by  W.  W.  Swainson — Astrono- 
my, &c.,  by  Professor  Wallace — Geology,  &c.,  by  Professor  Jameson.  Re- 
vised, with  Additions,  by  Thomas  G.  Bbaofobo.  The  whole  brought  op,  by 
a  Supplement,  to  1843.  In  three  large  octavo  volumes  varioua  styles  of 
binding. 

This  gr«>Lt  work,  furnished  ai  a  remarkably  cheap  rate,  contains  stout  NnraTBax 
HnnPBKD  LABOB  Impbbul  Paors,  and  is  illustrated  by  Eiohtt-t wo  small  Maps  ami  <t 
colored  Map  op  thk  United  States,  aAer  Tanner^  together  with  about  Elbtkh  Hviv- 
DKsn  Wooo-cuTS  executed  iu  tne  best  st)  le. 


YOUATT  AND  SKINNER  ON  THE  HORSE. 

THE    HORSE. 

BY   WILLIAM  YOUATT. 

.#  n0w  •diUon^  tcith  nmmMroms  ItiugtrmHmnB* 

TOOETHEE  WITH  A  OENEBAL   HI8TOET  OF  THE   H0B8E  ;   A  DOSERTATIOir  ON  TBS 

AMEEXCAIf  TEOTTINO  HORSE  ;   HOW  TRAINED  AND  JOCKEYED  }   AN  ACCOUITT 

or  HIS  REMARKABLE  PERFORMANCES;    AND  AN  ESSAY  ON  THE 

ASS  AND  THE   MULE. 

BY  J.    S.   SKINNER, 
Assistant  Postmaster-General,  and  Editor  of  the  Turf  Register. 

This  edition  of  Youatt^s  well-known  and  standard  work  on  the  Management,  Di»> 
eases,  and  Treatment  of  the  Horse,  embodying  the  vsluable  additions  of  Mr.  r^kimier  has 
already  obtained  such  a  wide  circulation  throughout  the  country,  that  the  Fublisbers 
need  say  iioihitig  to  attract  to  it  the  attention  and  confidence  of  all  who  keep  Horses  or 
are  interested  iu  their  iniprovemenL 


YOUATT  AND   i!EWlS  ON   THE   DOG. 

THE  DOG.    By  William  Youatt.    Edited  by  E.  J.  Lewis,  M.  D.    With  nnmerons  and 
besuuiu)  illustration*.    Iu  one  very  handsome  volume,  crown  8vo.,  crimson  oloth,  gllL 
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LIBRART  OF  niiUSTRATED  SdENTIFIC  WORKS. 

A  series  of  beaatifully  printed  yolames  on  Tarious  branches  of  science,  bj  the 
most  eminent  men  in  their  respective  departments.  The  whole  printed  in  the 
handsomest  stjie,  and  profusely  embellished  in  the  most  efficient  manner. 

JC^  No  expense  has  been  or  will  be  spared  to  render  this  series  worthy  of  the  support 
of  the  scientific  public,  while  at  the  same  lime  it  is  one  of  the  handsomest  specimeus  of 
typographical  and  artistic  execution  which  have  appeared  in  this  country. 

DE  ImX  BBCHB'S  GBOI.OGT-(Just  Isssaed.) 

THE  GEOLOGIOAL  OBSERVER. 

BY  SIR  HENRY  T.  DE  LA  BECHE,  C.  B.,  F.  R.  S., 

Director-General  of  the  Geological  Survey  of  Great  Britain,  Ate. 

In  one  very  large  and  handsome  octavo  volume. 

WITH  OVER  THREE  HUNDRED  WOOD-OUTS. 

We  have  here  presented  to  us,  by  one  admirably  qualified  for  the  task,  the  most  com- 
plete compendium  of  the  science  of  geology  ever  produced,  in  which  the  diflerent  facts 
which  fall  under  the  cognizance  of  this  branch  of  natural  science  are  arranged  under 
the  different  causes  by  which  they  are  produced.  From  the  style  in  which  the  subject 
is  treated,  the  work  is  calculated  not  only  for  the  use  of  the  professional  geologist  but 
for  that  of  the  uninitiated  reader,  who  will  find  in  it  much  curioui  und  interesting  infor- 
mation on  the  changes  which  the  surface  of  our  globe  has  undergone,  and  the  history  of 
ttie  various  stnkmg  appearances  which  it  presents  Yolummoua  at  the  work  is,  it  is 
not  rendered  unreadable  from  its  bulk,  owing  tothe  judicious  subdivision  of  iu  contents, 
and  the  copious  index  which  in  appended.— JbAn  BuU. 

Having  had  such  abundant  opportunities,  no  one  could  be  found  so  capable  of  direct- 
ing the  labors  of  the  young  geologist,  or  to  aid  by  his  own  experience  the  studies  of  those 
who  may  not  have  been  able  U)  range  so  extensively  over  the  earth's  surface.  We 
strongly  recommend  Sir  Henry  De  la  Beche^s  book  to  those  who  desire  to  know  what 
has  been  done,  and  to  learn  something  of  the  wide  examination  which  yet  lies  waiting 
ibr  the  industrious  observer.—  The  AtheiKBum. 


KNAPP'8   CHEMICAL   TECHNOLOGY. 

TECHNOLOGY;  or,  Chexhtbt  Applied  to  the  Arts  and  to  Manufactures. 
By  Db.  F.  Kit app,  Professor  at  the  University  of  Giessen.  Edited,  with  nu- 
merous Notes  and  Additions,  by  Db.  Edmund  Ronalds,  and  Db.  Thomas 
RicHABDSON.  First  American  Edition,  with  Notes  and  Additions  by  Prof. 
Walter  R.  Johnson.  In  two  handsome  octavo  volumes,  printed  and  illus- 
trated in  the  highest  style  of  art,  with  about  500  wood- engravings. 

The  style  of  excellence  in  which  the  first  volume  was  got  up  is  fully  preserved  in  this. 
The  treaiiMS  themselves  are  admirable,  and  the  editing,  both  by  the  English  and  Ameri- 
can editors,  judicious;  so  that  the  work  maintains  itfeif  as  the  best  of  the  series  to  which 
it  belongs,  and  worthy  the  attention  of  all  interested  in  the  arts  of  which  it  treats.— 
Franidtn  InstUuU  Journal. 


WEI8BACH>S_MECHANIC8. 

PRINCIPLES  OF  THE  MECHANICS  OF  MACHINERY  AND  ENGINEER- 
ING. By  Pbofessor  Julius  Weisbach.  Translated  and  Edited  by  Prof. 
Gordon,  of  Glasgow.  First  American  Eldition,  with  Additions  by  Prop.  Wal- 
ter R.  Johnson.  In  two  octavo  volumes,  beautifully  printed,  with  900  illus- 
trations on  wood. 

The  most  valuable  contribution  to  practical  science  that  has  yet  appeared  in  this 
country. — Athen<Bum. 

Unequalled  by  anything  of  the  kind  yet  produced  in  this  country—the  most  standard 
book  on  mechanics,  machinery,  and  engineering  now  extant.— iV.  Y.  Commereial 

In  every  way  worthy  o(  being  recommended  to  our  readers  —Franklin  Instiiuu 
Journal. 


^ 
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OARFBHTER'S  OOMFARATIvi~  FHTSIOLOGT— (Jnst  lunad.) 

PRINCIPLES  OF  GENERAL  AND^OMPARATIVE  PHYSIOLOGY;  in- 
tended at  an  Introduction  to  the  Study  of  Human  Physiology,  and  as  a  Guide 
to  the  Philosophical  Pursuit  of  Natural  History.  By  William  B.  CAKPBirmy 
M.  D.,  F.  R.  S.,  author  of  "  Human  Physiology ,»»  "  VegeUble  Physiology ,»» 
&c.  &c.  Third  improved  and  enlarged  edition.  In  one  very  large  and  hand- 
some octavo  volume,  with  several  hundred  beautiful  illustrations. 


MULLER'S^PHYSICS. 

PRINCIPLES  OP  PHYSICS  AND  METEOROLOGY.  By  Pbofebbok  J.  Mul- 
LEE,  M.  D.  Edited,  with  Additions,  by  R.  Eolrsfklo  GmiFFiTH,  M.  D.  In 
one  Urge  and  handsome  octavo  volume,  with  660  wood-cuts  and  two  colored 
plates. 

The  style  in  which  the  volume  is  published  is  in  the  highest  degree  creditable  to  the 
enterpriM  of  the  publishers.  It  contains  nearly  four  hundred  engravings  executed  in 
a  style  of  extraordinary  elegance.  We  commend  the  book  to  general  favor,  k  is  the 
best  of  its  kind  we  have  ever  seen.— JV.  Y.  Courier  and  Enquirtr, 


MOHR,   REDWOOD,  AND  PROCTER'S  FHARMAOT. 

PRACTICAL  PHARMACY:  Comprising  the  Arrangements,  Apparatus,  and 
Manipulations  of  the  Pharmaceutical  Shop  and  Laboratory.  By  Feaitcis 
MoHE,  Ph.  D.,  Assessor  Pharmaoie  of  the  Royal  Prussian  College  of  Medicine, 
Coblenti ;  and  Theophilus  Redwood,  Professor  of  Pharmacy  in  the  Pharma- 
ceutical Society  of  Great  Britain.  Edited,  with  extensive  Additions,  by  Paop. 
William  Proctes,  of  the  Philadelphia  College  of  Pharmacy.  In  one  hand- 
somely printed  octavo  volume,  of  670  pages,  with  over  600  engravings  on 
wood. 


THE  MILLWRI0HT*S  GUIDE. 
THE  MILLWRTGHT^S  AND  MILLER'S  OLTDE.   By  Oltveb  Evans.  Eleventh  Edi- 
tion.   With  Additions  and  Corrections  by  the  Professor  of  Mechanics  in  the  Franklin 
Institute,  and  a  description  of  an  improved  Merchant  Flour  MUL    By  C.  and  O.  Evans. 
In  one  octavo  volume,  with  numerous  engravings. 

HUMAN  HEALTH ;  or,  the  Influence  of  Atmosphere  and  Locality,  Change  of  Air  and 
Climate,  Seasons,  Food.  Clothing,  Bathing, Mineral  Springs.  Exercise.  Sleep,  Corporeal 
and  Mental  Pursuits,  tec.  &c.,  on  Healthy  Man,  constituting  Elemenu  of  Hygiene. 
By  Robley  Dunglison,  M.  D.    In  one  octavo  volume. 


ACTON»S    COOKERY. 

MODERN  COOKERY  IN  ALL  ITS  BRANCHES,  reduced  to  a  System  of  Ea^  Prac- 
tice, for  the  Use  of  Private  Families;  in  a  Series  of  Practical  Receipts,  all  of  which 
are  given  with  the  most  minute  exactness.  By  Bliza  Acton.  With  ntmierous  wood- 
cut illustrations;  to  which  is  added  a  Table  of  Weights  and  Measures.  The  whole 
revised,  and  prepared  for  American  housekeepers,  by  Mrs.  Sarah  J.  Hale.  From  the 
Second  London  Edition.    In  one  large  Idmo.  volume. 

THE  DOMESTIC  MANAGEMENT  OP  THE  SICK-ROOM,  necessary.  In  aid  of 

medical  treatment  for  the  cure  of  diseases.  By  A.  T.  Thomson,  M.  D.  Edited  by  R.  E. 

Griffith,  M.  D.    In  one  volume  royal  12mo.,  extra  cloth. 
LANGUAGE  OF   FLOWERS,  with   illustrative  poetry.    Eighth  edition.    In 

one  beautiful  volume,  royal  18mo.,  crimson  cloth,  gilt,  with  colored  plates. 
AMERICAN  ORNITHOLOG  V.    By  Charles  Bonaparte. Prince  of  Canlno.  In  four  folio 

volumes,  half  bound,  with  numerous  magnificent  colored  plates. 

LECTURES  ON  THE  PHYSICAL  PHENOMENA  OF  LIVING  BEINGS.  By 
Carlo  Matteuoci.  Edited  by  Jonathan  Pereira,  MD.  In  one  royal  12mo.  volume, 
exua  cloth,  with  illustrations. 
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GRAHAM9  OHEBCSTBT,  NEW  BDITIOIT.    Part  I.-(Now  Beadf.) 

ELEMENTS  oF  CHEMISTRY; 

INCLUDING  THE  APPLICATIONS  OF  THE  SCIENCE  IN  THE  ARTS. 

BY  THOMAS  GRAHAM,  F.  R.  8.,  &c., 

Profetaor  of  Chemistry  in  University  College,  London,  kc. 

Sdoond  Americ«2&,  from  an  entirely  Rerised  and  greatly  Enlai^ ed  Engliah  Edition. 

WITH  NUMEROUS  WOOD-ENGRAVINGS. 

EomcD.  WITH  Nom,  bt  ROBERT  BRIDGES,  M.  D., 

Professor  of  Chemistry  in  the  Philadelphia  College  of  Pharmacy,  kc. 

To  be  completed  in  Two  Parts,  formiBg  one  very  large  octavo  volume. 
PART  I,  now  ready,  of  430  large  pages,  with  185  engravings. 
PART  II,  preparing  for  early  publication. 

Froth  the  Editors  Prrface, 

The  '*  Elements  of  Chemistry,"  of  which  a  second  edition  is  now  presented, 
attained,  on  its  first  appearance,  an  immediate  and  deserved  reputation.  The 
copious  selection  of  tacts  from  all  reliable  sources,  and  their  judicious  arrange- 
ment, render  it  a  safe  guide  for  the  beginner,  while  the  clear  exposition  of  the- 
oretical points,  and  frequent  references  to  special  treatises,  make  it  a  valuable 
assistant  for  the  more  advanced  student. 

From  this  high  character  the  present  edition  will  in  no  way  detract.    The 

great  changes  which  the  science  of  Chemistry  has  undergone  during  the  interval 
ave  rendered  necessary  a  complete  revision  of  the  work,  and  this  has  been 
most  thoroughly  accomplished  by  the  author.  Many  portions  will  therefore  be 
found  essentially  altered,  thereby  increasing  greatly  the  size  of  the  work,  while 
the  series  of  illustrations  has  been  entirely  changed  in  style,  and  nearly  doubled 
in  number. 

Under  these  circumstances  but  little  has  been  left  for  the  editor.  Owing, 
however,  to  the  appearance  of  the  London  edition  in  parts,  some  years  have 
elapsed  since  the  first  portions  were  published,  and  he  has  therefore  found  oc- 
casion to  introduce  the  more  recent  investigations  and  discoveries  in  some  sub- 
jects, as  well  as  to  correct  such  inaccuracies  or  misprints  as  had  escaped  the 
author's  attention,  and  to  make  a  f%w  additional  references. 


INTRODUCTION   TO  PRACTICAL   CHEMISTRY,  including  Analysis.    By 

John  E.  Bowman,  H.  D.    In  one  neat  royal  12mo.  volume,  extra  cloth,  with  ntmier* 

Otts  illustratioos.  

DANA   ON   CORALS. 
ZOOPHYTES  AND  CORALS.    By  James  D.  Dana.    In  one  volume  imperial 

qaarto,  extra  cloth,  with  wood-cnts. 
Also,  an  Atlas  to  the  above,  one  volume  imperial  folio,  with  sixty-one  magnificent 

plates,  colored  a(\er  nature.    Bound  in  half  morocco. 

These  splendid  volumes  form  a  portion  of  the  publicatwns  of  the  United  States  Explor- 
ing Expedition.  As  but  very  few  copies  have  been  prepared  for  sale,  and  as  these 
are  nearly  ezhausud,  alt  who  are  desirous  of  enriching  their  libraries  with  this,  the  most 
creditable  specimen  of  American  Art  and  Science  as  yet  issued,  will  do  well  to  procure 
copies  at  once. 

THE  ETHNOGRAPHY  AND  PHILOLOGY  OF  THE  UNITED  STATES  EX- 
PLORING KXPEDITION.  By  Horatio  Hale.  In  one  large  imperial  quarto  volume, 
beautifully  printed,  and  strongly  bound  in  extra  cloth. 

BABON  HUMBOLDT'S  LAST  WOBK. 
ASPECTS    OF    NATURE    IN    DIFFERENT   LANDS   AND   DIFFERENT 
CLIMATES     With  Scientific  Elucidations.    By  Alexander  Von  Humboldt.    Trans- 
lated by  Mrs.  Sabine.    Second  American  edition,    la  one  handsome  volume,  large 
royal  12mo.,  extra  cloth. 

CHEMISTRY  OF  THE  FOUR  SEASONS,  SpmiHo,  Sitmmee,  Autumk,  and 
WiTTxa.  By  Thomas  Griffith.  In  one  handsome  volume,  royal  l2roo.,  extra  cloth, 
wiih  auraerous  illustraiiona. 
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A  NEW  TEZT-BOOE  ON  KATUBAI.  FHTLOSOFHT. 

HANDBOOKS 

OF  NATURAL  PHILOSOPHY  AND  ASTRONOMY. 

BY  DIONYSIUS  LARDNER,  LL.D.,  ETC. 

FIRST  COURSB,  eontalniii|f 

Hechanics,  Hydrostatics,  lydranlks,  Pneumatics,  Sound,  and  Optics. 

In  one  large  royal  12mo.  volume  of  750  pages,  strongly  bound  in  leather,  with 
over  400  wood-cuU,  (Just  Issued.) 

THB  SECOND  COITRSB,  •mbraelnif 

HEAT,  HAGNETISH,  ELEGTBICITY,  AND  6AITANI8H, 

or  about  400  pages,  and  illustrated  with  250  cuts,  is  now  ready. 

THB  THIRD  COUR8B,  eonstttutlnff 
A   COMPLETE  TREATISE   ON    ASTRONOMY 

WITH   NUMEROUS  STEEL   PLATES  AND   WOOD-CUTS,  IS  REABLT  EEADT. 

The  intention  of  the  anther  has  been  to  prepare  a  work  which  »hoald  embrace  the 
principles  of  Natural  Philosophy,  in  their  latest  state  of  scieniific  development,  divested 
of  I  he  abstruseness  which  renders  them  unfitted  for  the  younger  student^  and  at  the  smbo 
lime  illustrated  by  numerous  practical  applications  in  every  branch  of  an  and  science. 
Dr.  Lardner's  extensive  acquirements  in  all  departmenuof  human  kuowl«)ge,  and  hia 
well  known  skill  in  populari/in^  his  subject,  have  thus  enabled  him  to  present  a  text- 
book which;  though  strictly  scientific  in  its  groundwork,  is  yet  easily  mastered  by  the 
iktudenu  while  calculated  to  interest  the  mind,  and  awaken  the  attention  by  showing  the 
importance  of  the.  principles  di«cussed,  and  the  manner  in  which  they  may  be  made 
subservient  to  the  practical  purposes  ol  life.  To  accomplish  this  ftill  further,  the  editor 
has  added  to  each  section  a  series  of  examples,  to  be  worked  out  by  the  learner,  thna 
impressing  upon  him  the  practical  importance  and  variety  of  the  results  to  be  obtained 
from  the  general  laws  of  nature.  The  subject  is  still  further  simplified  by  the  very  lar^ 
number  of  illustrative  wood-cuts  which  are  scattered  through  the  volunse,  making  plain 
to  the  eye  what  might  not  readily  be  grasped  by  the  unassisted  mind  ;  and  every  caie 
has  been  taken  to  render  the  typographical  accuracy  of  the  work  what  it  should  be. 

Although  the  first  portion  only  has  been  i^ued.  and  that  but  for  a  few  months,  yet  it 
has  already  been  adopted  by  many  academies  ana  collies  of  the  highest  standing  and 
character.  A  few  of  the  numerous  recommendations  with  which  the  work  has  been 
favored  are  subjoined. 

From  Prqf.  MOKngtan^  Univ.  i/ MUsistippi,  April  10, 1858. 
I  am  highly  pleased  with  iu  contents  and  arrangement.  It  eoataina  a  greater  nomber 
of  every  day  useful  practical  facts  and  examples  than  I  have  ever  aeen  noticed  in  a 
similar  work,  and  I  do  not  hesitate  to  say  that  as  a  book  for  teaching  I  prefer  it  to  any 
oiher  of  the  same  size  and  extent  that  1  am  acquainted  with.  During  the  thirteen  years 
that  I  was  at  William  and  Mary  College  I  l»ad  to  teach  Natural  Phik>sophy,and  I  ahoaid 
have  been  very  glad  to  have  such  a  text-book. 

From  Edmund  Smith,  Baltimorty  May  19, 18S2. 
I  have  a  class  tuing  it,  and  think  it  the  best  book  of  the  kind  with  whkh  I  am  ac- 
quainted. 

From  Frof.  CUcdand,  Philtuiaphiaf  October  17, 1851. 
I  fee?  prepared  to  say  that  it  is  the  fullest  and  most  valuable  manual  upon  the  snbieet 
that  has  fallen  under  my  notice,  and  I  intend  to  make  it  the  text  book  for  the  first  claas 
in  my  schooL 

From  S.  Sehooletf  Hanottr  Aeadmiy,  Ta^ 
The  "  Handbooks"  seem  to  me  the  best  popular  treatises  on  their  respective  sobjecla 
with  which  I  am  acquainted.    Dr.  Lardner  certainly  popularizes  soienoe  very  weU,  and 
a  good  text-book  for  schools  and  colleges  was  not  before  in  existence. 

From  Prqf.  J.  S.  HendersoKy  Farmer^a  CoVUgt,  O.,  Feb.  16, 1868. 
It  is  an  admirable  work,  and  well  worthy  of  public  patronage.    For  eleameaa  and 
fulness  it  is  unequalled  by  any  that  I  have  seen. 
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NEW  AND  IMPROVED  EDITION.— (Now  Ready.) 

OUTLINES    Op"aSTRONOMY. 

BY  SIR  JOHN  F.  W.  HERSCHEL,  F.  R.  S.,  &c. 

A  HEW  AMERICAN  FBOM  THE  FOURTH  LOUDON  EDITION. 

In  one  verj  neat  crown  octavo  Tolame,  extra  cloth^  with  six  plates  and  na- 
meroua  wood-cats. 

This  edition  will  be  foand  thoroughly  brought  up  to  the  present  state  of  as- 
tronomical science,  with  the  most  recent  investigations  and  discoveries  fully 
discussed  and  explained. 

We  now  take  leave  of  this  remarkable  work,  which  we  hold  to  be,  beyond  a  donbt, 
the  greatest  and  most  remarkable  of  the  works  in  which  the  laws  of  astronomy  and  the 
appearance  of  the  heavens  are  described  to  those  who  are  not  mathematiciann  nor  ob- 
pcrvers,  and  recalled  to  those  who  are.  It  is  the  reward  of  men  who  can  descend  from 
the  advancement  of  knowledge  to  care  for  its  diffusion,  that  their  works  are  essential 
to  all.  that  they  become  the  manuals  of  the  proficient  as  well  as  the  text-books  of  the 
WMnex.—AthmiBum. 

There  is  perhaps  no  book  in  the  English  language  on  the  subject,  which,  whilst  it  con- 
tains go  many  o<  the  facts  of  Astronomy  (which  it  attempu  to  explain  with  as  little  tech- 
nical language  as  possible),  is  so  attractive  in  its  style,  and  so  clear  aud  forcible  in  its 
illustrations.— JSvange/ico/  Review. 

Probably  no  book  ever  written  upon  any  science,  embraces  within  so  small  a  compass 
an  entire  epitome  of  everything  known  within  aill  its  various  departments,  practical, 
theoretical,  and  physical.— i^zamtner. 


A  TREATISE  ON  ASTRONOM7. 

BY  SIR  JOHN  F.  W.  HERSCHEL.    Edited  by  8.C.  Walker.    In  one  12mo. 
volume,  half  boundy  with  plates  and  wood-cuts. 


A   TREATISE    ON    OPTICS. 

BY  SIR  DAVID  BREWSTER,  LL.D.,  F.R.S.,  &c. 
A  NEW  EDITION. 

WITH  AN  APPENDIX,  CONTAINING   AN   ELEMENTARY  VIEW  OF  THE  APPLICATION 
OF   ANALYSIS  TO   EEFLECTION  AND  REFEACTION. 

BY  A.  D.  BACHE,  Superintendent  U.  S.  Coast  Survey,  &c 
In  one  neat  duodecimo  volume,  half  bound,  with  about  200  illustrations. 


BOI^niAR'S  FRElVCn  SERIES. 

New  editions  of  the  following  works,  by  A.  Bolhae,  forming,  in  connection 
with  <<  Bolmar's  Levizac,"  a  complete  series  for  the  acquisition  of  the  French 
language : — 

A  SELECTION  OF  ONE  HUNDRED  PERRIN»S  FABLES,  accompanied  by 
a  Key.  containing  the  text,  a  literal  and  free  translation,  arranged  in  such  a  manner  as 
to  point  out  the  difference  between  the  French  and  English  idiom,  &o.  Inone  vol.l2roo. 

A  COLLECTION  OF  COLLOQUIAL  PHRASES,  on  every  topic  necessary  to 
maintain  conversation.  Arranged  under  differentbeads,  with  numerous  remarks  on 
the  peculiar  pronunciation  and  uses  of  various  words;  the  whole  so  disposed  as  con- 
siderably to  fhcilitate  the  acquisition  of  a  correct  pronunciation  of  the  French.  In 
one  vol.  18mo. 

LES  AVENTURES  DE  TELEMAQUE,  PAR  FENELON,  in  one  vol.  12mo., 
accompanied  by  a  Key  to  the  first  eight  books.  In  one  vol.  ISmo.,  containing,  like  the 
Fables,  the  Text,  a  literal  and  free  translation,  intended  as  a  sequel  to  the  Fables. 
Either  volume  sold  separately. 

ALL  THE  FRENCH  VERBS^  both  regular  and  irregular,  in  a  small  volume. 
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ELEMENTS  OF  NATURAL  PHILOSOPHY; 

BEDIO 

AN  EXPERIMENTAL  INTRODUCTION  TO  THE  PHYSICAL  SCIENCES. 

Illustrated  ^prlth  o-rer  Tluree  Hundred  W*od-euts« 

BY  QOLDING  BIRD.  M.D., 

AMitiani  Physician  to  Guy'«  Hospital. 

From  tho  Third  London  edition.    In  one  neat  volnme,  royal  12nio. 

We  are  antonished  to  find  thai  there  ie  room  in  eo  small  a  book  for  even  the  bare 
recital  of  so  many  subjects.  Where  eTerythin|f  is  treated  saecinctly,  (Treat  jodf^ent 
and  much  time  are  needi'd  in  making  a  selection  and  winnowing  the  wheat  from  the 
chaff  Dr.  Bird  has  no  need  to  plead  the  peculiarity  of  his  position  as  a  shield  against 
criticism,  so  loner  as  his  book  continaes  to  be  the  best  epitome  in  the  English  laa- 
guage  of  this  wide  range  of  physical  subjeou^— iVorlA  Jmtriean  JSseww,  April  1, 1851. 

From  Prof.  John  Johnstoti,  Wt$Uyan  Unw.j  MiddUtown^  Cl 
For  those  desiring  as  extensive  a  work,  I  think  it  decidedly  saperior  lo  anything  of 
the  kind  with  which  I  am  acquainted. 

From  Prqf.  R.  O.  Cumy,  Ernst  Ttnru$904  UnltMrtify. 

I  am  much  gratified  in  perusing  a  work  which  so  well,  so  Ailly,  and  so  clearly  sets 
forth  this  branch  of  the  Natural  Sciences.  For  some  time  I  have  been  desirous  of  ob- 
taining a  substitute  for  the  one  now  used— one  which  should  embrace  the  recent  dis- 
coveries in  the  sciences,  and  I  can  truly  say  that  such  a  one  is  aflbrded  in  this  work  of 
Dr.  Bird's. 

From  Prqf.  W.  F.  Hopkins,  Masonic  Vninsrmty,  Tsnn, 

It  is  joM  the  sort  of  book  I  think  needed  in  most  colleges,  being  far  above  the  rank  of 
a  mere  popular  work,  and  yet  not  beyond  the  comprehension  of  all  but  the  most  accom- 
plished mathematicians. 


ELEMENTARY  CHEMISTRY; 

THEORETICAL  AND   PRACTICAL. 
BY  GEORGE  FOWNES,  Ph.D., 

Chemical  Lecturer  in  (he  Middlesex  Hospital  Medical  School,  &c.  &e. 

WITH  NUBfBEOUS  ILLUSTRATIONS. 

Third  American,  firom  a  late  London  edition.    Edited,  with  Additions, 

BY  ROBERT  BRIDGES,  M.  D., 

Professor  of  General  and  Pharmaceutical  Chemistry  in  the  Philadelphia 

College  of  Pharmacy,  &o.  &c. 

In  one  large  royal  12mo.  volume,  of  over  five  hundred  pages,  with  about  ISO 

wood-cats,  sheep  or  extra  cloth. 

The  work  of  Dr.  Fownes  has  long  been  before  the  public,  and  ito  merits  have  been 
ftiUy  appreciated  as  the  best  text-book  on  Chemistry  now  in  existence.  We  do  not,  of 
course,  place  it  in  a  rank  superior  to  the  works  of  Brande,  Graham,  Turner,  Grcftory, 
or  Gmelin,  but  we  say  that,  as  a  work  for  students,  it  is  preferable  to  any  of  them.— Lots* 
don  Journal  qf  Medicine, 

We  know  of  no  treatise  so  well  calculated  to  aid  the  student  in  becoming  familiar 
with  the  numerous  facts  in  the  science  on  which  it  treats,  or  one  better  calculated  as 
a  text-book  for  those  attending  Chemical  Lectures.  *  •  •  *  The  best  text*book  on  Che- 
mistry that  has  issued  from  our  press. — Amsriean  Msd.  JoumaL 

We  know  of  none  within  the  same  limits,  which  has  higher  claims  to  our  confidence 
as  a  college  class-book,  both  for  accuracy  of  detail  and  scientific  arrangement.^il«- 
gusla  Mod.  Journal. 


ELEMENTS   OP   PHYSIOS. 

OR,  NATURAL  PHILOSOPHY,  GENERAL  AND  MEDICAL.  Written  for  uni- 
versal  une,  in  plain,  or  non-technical  language  By  NstLL  ASNOrr,  M.D.  In  one 
ocuvo  volume,  with  about  two  hundred  illustrations. 
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soMBRviLLirs  PHTSiCACi  aEoaRAFsnr. 
PHYSICAL   GEOGRAPHT. 

BY  MARY  SOMERVILLE. 

A  NEW  AMERICAN  FROM  THE  LAST  AND  REVISED  LONDON  EDITION. 
WITH  AMERICAN  NOTES,  OLOBSARY,  ETC. 

BY  W.  S.  W.  RUSCHENBERGER,  M.D.,  U.  S.  N. 

In  006  neat  royal  I2mo.  volume,  extra  cloth,  of  over  five  hondred  and  fiflypaget. 

Th«  gpreat  taceeM  of  thif  work,  and  its  introdaction  into  many  of  oar  higher  schoolf 
and  academies,  have  induced  the  pablishers  to  prepare  a  new  and  mach  improved 
edition.  In  addition  to  the  corrections  and  improvements  of  the  author  bestowed  on 
the  work  in  its  passage  through  the  press  a  second  time  in  London,  notes  have  been 
introduced  to  adapt  it  more  fully  to  the  physical  geography  of  this  country ;  and  a 
comprehensive  glossary  has  been  added,  rendering  the  volume  more  particularly  suited 
to  educational  purposes. 

Our  praise  comes  lagging  in  the  rear,  and  is  wellnlgfa  superfluous.  But  we  are 
anxious  to  recommend  to  our  youth  the  enlarged  method  of  studying  geography  which 
her  present  work  demonstrates  to  be  as  captivating  as  it  is  instructive.  VVe  hold 
such  presents  as  Mrs.  Somerville  has  bestowed  upon  the  public,  to  be  of  incalculable 
value,  disseminating  more  sound  information  than  all  the  liieraiy  and  scientific  insti- 
tutions will  accomplish  in  a  whole  cycle  of  their  existenee.— JRtee*tooo<f«  Mogozins. 

From  Thcnuu  Sherwin^  High  S^od^  Boston. 
I  hold  it  in  the  highest  estimation,  and  am  confident  that  it  will  prove  a  very  efficient 
aid  in  the  education  of  the  young,  and  a  source  of  much  interest  and  instruction  to  the 
adult  reader. 

From  Ercutut  Everett^  High  Sehoolj  Ntw  Orleans. 
I  have  examined  it  with  a  good  deal  of  care,  and  am  fflad  to  find  that  it  supplies  an  im- 
portant desideratum.  The  whole  work  is  a  masterpiece.  Whether  we  examine  the 
importance  of  the  subjects  treated,  or  the  elegant  and  attractive  style  in  which  they  are 
preftented.  this  work  leaves  nothing  to  desire.  I  have  introduced  it  into  my  school  for 
the  u«e  of  an  advanced  class  in  geography,  and  they  are  greatly  interested  in  it  I  have 
no  doubt  that  it  will  be  used  in  most  of  our  higher  seminaries. 

From  W,  Smyth,  Oswego  Academy. 
So  much  important,  accurate,  and  general  information  I  have  never  seen  in  a  volume 
of  its  extent.  In  fine,  I  believe  it  to  be  a  work  which  will  soon  take  a  high  place  in  the 
academies  and  colleges  of  America,  as  welt  as  in  the  libraries  of  every  individual  de- 
sirous of  accurate  information  respecting  the  planet  on  which  we  dwell.  I  have  recom- 
mended it  to  those  connected  with  the  District  School  Libraries,  for  which  I  consider  it 
exceedingly  well  adapted. 


JOHNSTON'S  PH7SICAL  ATLAS. 

THE    PHYSICAL    ATLAS 

OF  NATURAL  PHENOMENA. 

FOR  THE  USE  OF  COLLEGES,  ACADEMIES,  AND  FAMILIES. 

BY  ALEXANDER  KEITH  JOHNSTON,  F.  R.  G.  S.,  F.  G.  S. 

In  one  large  volume,  imperial  quarto,  handsomely  and  strongly  bound.    With 

twenty-six  plates,  engraved  and  colored  in  the  best  style.    Together 

with  one  hundred  and  twelve  pages  of  Descriptive  Letter-press, 

and  a  very  copious  Index. 

A  work  which  should  be  in  every  family  and  every  school-room,  for  consultation  and 
reference.  By  the  ingenious  arrangement  adopted  by  the  author,  it  makes  clear  to  the 
eye  every  fact  and  observation  relative  to  the  present  condition  of  the  earth,  arranged 
under  the  departments  of  Geology,  Hydrography,  Meteorology,  and  Natural  History. 
The  letter-press  illustrates  this  with  a  body  of  important  information,  nowhere  else  lo 
be  found  condensed  into  the  same  space,  while  a  very  full  Index  renders  the  w^ole 
easy  of  reference. 


\ 
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SOHMITZ  AND  ZUMPT'S  OI.ASSIOAI.  SERIES. 

Under  this  title  Blanchard  &  Lea  are  publishing  a  series  of  Latin  Sehool- 
Books,  edited  by  those  distinguished  scholars  and  critics,  Leonhard  Schmits 
and  C.  6.  Zumpt.  The  object  of  the  series  is  to  present  a  course  of  accurate 
texts,  revised  in  accordance  with  the  latest  investigations  and  MSS.,  and  the 
most  approved  principles  of  modern  criticism,  as  well  as  the  necessary  element- 
ary books,  arranged  on  the  best  system  of  modern  instruction.  The  former  are 
accompanied  with  notes  and  illustrations  introduced  sparingly,  avoiding  on  the 
one  hand  the  error  of  overburdening  the  work  with  commentary,  and  on  the  other 
that  of  leaving  the  student  entirely  to  his  own  resources.  The  main  object  has 
been  to  awaken  the  scholar's  mind  to  a  sense  of  the  beauties  and  peculiarities 
of  his  author,  to  assist  him  where  assistance  is  necessary,  and  to  lead  him  to 
think  and  to  investigate  for  himself.  For  this  purpose  maps  and  other  en- 
gravings are  given  wherever  useful,  and  each  author  is  accompanied  with  a 
biographical  and  critical  sketch.  The  form  in  which  the  volumes  are  printed 
is  neat  and  convenient,  while  it  admits  of  their  being  sold  at  prices  unpre- 
cedentedly  low,  thus  placing  them  within  the  reach  of  many  to  whom  the  cost 
of  classical  works  has  hitherto  proved  a  bar  to  this  department  of  education  ; 
while  the  whole  series  being  arranged  on  one  definite  and  uniform  plan,  enables 
the  teacher  to  carry  forwanl  his  student  from  the  rudiments  of  the  language 
without  the  annoyance  and  interruption  caused  by  the  necessity  of  using  text- 
books founded  on  varying  and  conflicting  systems  of  study. 

CIiASSlCAIi  TEXTS  PUBLISHEID  IX  THIS  SERIES* 

I.  C^SARIS  DE  BELLO  6ALLIC0  LI6RI  IV.,  1  vol.  royal  18mo.,  extrm 
cloth,  232  pages,  with  a  Map,  price  60  cents. 

IL  C.C.  SALLUSTII  CATILINA  ET  JUGURTHA,  1  vol.  royal  18mo.,  extra 
cloth,  168  pages,  with  a  Map,  price  50  cents. 

III.  P.  OVIDII  NAS0NI8  CARMINA  8ELECTA,  1  vol.  royal  18mo.,  extra 
cloth,  246  pages,  price  60  cents. 

IV.  P.  VIRGILII  MARONIS  CARMINA,  1  vol.  royal  18mo.,  extra  cloth,  438 
pages,  price  75  cents. 

V.  Q.  HORATII  FLACCI  CARMINA  EXCERPTA,  1  vol.  royal  18mo,,  extra 

cloth,  312  pages,  price  60  cents. 

VI.  Q.  CURTII  RUFI  DE  ALEXANDRI  MAGNI  QJJJE  8UPERSUNT,  1 
vol.  royal  l8mo.,  extra  cloth,  326  pages,  with  a  Map,  price  70  cents. 

VII.  T.  LIVII  PATAVINI  HISTORIARUM  LIBRI  I.,  II.,  XXI.,  XXII.,  1 
vol.  royal  I8mo.,  ex.  cloth,  350  pages,  with  two  colored  Maps,  price  70  cents. 

VIII.  M.  T.  CICERONIS  0RATI0NE8  SELECTiE  XII.,  1  vol.  royal  ISmo., 
extra  cloth,,  300  pages,  price  60  cents. 

IX.  CORNELIUS  NEPOS,  1  vol.  royal  18mo.,  price  60  cents. 
ETEMENTAKY  WORKS  PUBLISHED  IN  THIS  SERIES. 

A  SCHOOL  DICTIONARY  OF  THE  LATIN  LANGUAGE.    By  Dr.  J.  H. 
Kaltschmidt.    In  two  parts,  Latin-English  and  English-Latin. 
Part  I.,  Latin-English,  of  neariy  600  pages,  strongly  bound,  price  90  cents. 
Part  II.,  English-Latin,  of  about  400  pages,  price  75  cents. 
Or  the  whole  complete  in  one  very  thick  royal  18mo.  volume,  of  nearly  900 
closely  printed  double-columned  pages,  strongly  bound  in  leather, 
price  only  $1  25. 
II. 
GRAMMAR  OF  THE  LATIN  LANGUAGE.    By  Leonhard  Scbmitz,  Ph. 
D.,  F.  R.  S.  E.,  Rector  of  the  High  School,  Edinburgh,  &c.    In  one  hand- 
some volume,  royal  l8mo.,  of  318  pages,  neatly  half  bound,  price  60  cents 
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SCHMITZ  AND  ZUMPT>8  CLASSICAL  SERlES^Continued, 

III. 

KLEMENTARY  GRAMMAR  AND  EXERCISES.  BtDk.  Leoitrard  Schmitz, 
F.  R.  S.  £.,  Rector  of  the  High  School,  Edinburgh,  &c.  In  one  handsome 
royal  18mo.  Tolume  of  246  pages,  extrm  cloth,  price  50  cents.  (Just  Issued.) 

PREPARING    FOR   SPEEDY    PUBLICATION. 
LATIN  READING  AND  EXERCISE  BOOK,  1  vol.,  royal  l8mo. 
A  SCHOOL  CLASSICAL  DICTIONARY,  1  toI.,  royal  l8mo. 

It  will  thus  be  seen  that  this  series  is  now  very  nearly  complete,  embracing 
eight  prominent  Latin  authors,  and  requiring  but  two  more  elementary  works 
to  render  it  sufficient  in  itself  for  a  thorough  course  of  study,  and  these  latter 
are  now  preparing  for  early  publication.  During  the  successiTe  appearance  of 
the  volumes,  the  plan  and  execution  of  the  whole  have  been  received  with 
marked  approbation,  and  the  fact  that  it  aupplies  a  want  not  hitherto  provided 
for,  is  evinced  by  the  adoption  of  these  works  in  a  very  large  number  of  the 
best  academies  and  seminaries  throughout  the  country.  From  among  several 
hundred  testimonials  with  which  they  have  been  favored,  and  which  they  are 
every  day  receiving,  the  publishers  submit  a  few  of  the  more  recent. 

But  we  cannot  forbear  commending  efpecially  both  to  instructors  and  pupils  the 
whole  of  the  series,  edited  by  those  accomplished  scholars,  Drs.  Schmiiz  and  Zuropt. 
Here  will  be  found  a  set  of  tezt-books  that  combine  the  excellenciet  so  long  desired 
in  this  cla«s  of  works.  They  will  not  cost  the  student,  by  one  half  at  least,  thai  which 
he  must  expend  for  some  other  editions.  And  who  will  not  say  that  this  is  a  consider- 
ation worthy  of  attention  ?  For  the  cheaper  our  school-books  can  be  made,  the  nK>re 
widely  will  they  be  circulated  and  used.  Here  you  will  find,  too,  no  useless  display  of 
notes  and  oflearninR,  but  in  foot  notes  on  each  page  you  have  everything  necessary  to 
the  understanding  of  the  text.  The  difficult  points  are  sometimes  elucidated,  and  often 
is  the  student  referred  to  the  places  where  he  can  find  light,  but  not  without  some  effi>rt 
•of  his  own.  We  think  that  the  punctuation  in  these  books  might  be  improved;  but 
uken  as  a  whole,  they  come  nearer  to  the  wants  of  the  limes  ihau  any  within  our  know- 
ledge.— Southern  ColUgt  Review. 

From  W.  J.  Rolfe^  TTrmtAam,  Mau.y  March  28, 1853. 
They  seem  tome  ihe6esf  and  the  cheapest  school  editions  of  the  classics  that  I  have 
yet  seen.  The  notes  are  all  that  a  teacher  could,  and  all  that  a  student  should  desire. 
On  classical  history  and  antiquities  1  think  them  particularly  rich,  and  the  maps  add 
very  much  lo  the  merit  of  the  books.  Kaltschmidt's  Dictionary  f  adopted  as  a  matter 
of  course.  1 1  is  so  much  superior  to  all  the  other  school  dictionaries  that  no  one  who 
has  examined  it  can  hesitate  to  recommend  iu 

From  Prqf.  R.  N.  Newell,  Masonic  College,  Tenn.,  June  2, 1852. 
I  can  ^ve  you  no  beit«r  proof  of  the  value  which  I  set  on  them  than  by  making  use 
of  them  in  my  own  classes,  and  recommending  their  use  iu  the  preparatory  department 
of  our  institution.  I  have  read  them  through  carefully  that  1  might  not  speak  of  them 
wiihoatdue  examination,  and  I  flatter  mysHf  that  my  opinion  is  fully  borne  out  by  fact, 
when  T  pronounce  them  to  be  the  most  us«-ful  and  the  roost  correct  as  well  as  the  cheap- 
est editions  of  Latin  Classics  ever  Introduced  in  this  country.  The  Latin  and  Kiiglish 
Dictionary  contains  as  much  as  the  student  can  want  in  the  earlier  years  of  his  course: 
it  contains  more  than  I  have  ever  seen  compressed  into  a  book  of  this  kind.  It  ought  to 
be  the  student's  constant  companion  in  his  recitations.  It  has  the  extraordinary  recom- 
mendation of  being  at  once  portable  and  comprehensive. 

From  Prqf.  D.  Duncan,  Randolph  Macon  CoUege,  Fa.,  May  25, 1853. 
It  is  unnecessary  for  me  to  say  anything  respecting  the  text  of  Sehmitz  and  Zumpt*s 
series.  The  very  names  of  the  editors  are  a  sufficient  auaraiitee  of  their  puriiy.  The 
beauty  of  the  typography,  and  the  judicious  selection  of  notes  will  insure  their  use  by 
every  experienced  teacher,  whilst  their  cheapness  and  convenient  size  will  be  a  sure 
reoommeiidaiioii  to  every  parent.  I  think,  gentlemen  that  by  the  republicaiion  of  this 
excellent  series  you  have  laid  the  public  under  strong  obligauons  to  you.  We  will  use 
them  as  far  as  they  come  into  our  course,  and  I  will  recommend  them  to  our  numrrous 
preparatory  schools.  Prom  the  merits  above  mentioned,  they  are  destined,  in  my  opinion, 
to  supersede  most  of  the  ediuons  now  in  use  in  our  schooU. 
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SCHMTTZ  AND  ZUMPT'S  CLASSICAL  SERIES^^orUinueeL 

From  tfu  Rev.  L.  Van  Bokketerij  Principal  ^SL  TimoAy^s  HaXL,  Md^  Feb.  18, 18SB. 
Since  yoa  commeneed  the  lerieB  I  have  invariably  adopted  the  different  works  in  pre- 
ference to  all  others,  and  I  now  use  them  all,  with  the  exception  of  "Q.  Cartios.** 

From  W.  F,  Wyert,  fftw  London  Atadmny^  Feb.  14, 18S3. 
I  have  u»ed  no  other  editions  but  yours  since  they  made  their  first  appearanee,  and 
shall  certainly  continue  to  do  so. 

Among  the  various  editions  of  the  Latin  Classics,  Schmitz  and  Znmpfs  series,  so  &r 
as  yet  published,  are  at  all  times  preferred,  and  students  are  requested  to  procure  no 
o\\xtx.—Announe€nunt^Btthany  CoUege,  Va, 


Uniform  with  SCHMITZ  ANB  ZUHPmLASSICAI  8EIIE8— (Now  UUj.) 
THE  CLASSICAL  MANUAL; 

AN  EPITOMB  OF  ANCIENT  OEOGBAPHT,  OBEBK  AND  BOMAlf 

MTTHOLOGT,  ANTIQUITIES,  AND  OHBONOLOGT. 

CHIEFLY   INTENDED   FOR  THE   USE  OF  SCHOOLS. 

BY  JAMES  S.  S.  BAIRD,  T.C.D., 

Assistant  Classical  Master,  King's  School,  Gloueester. 
In  one  neat  Tolame,  royal  18mo.,  extra  clotb,  price  Fiftj  centa. 
This  little  volume  has  been  prepared  to  meet  the  recogniied  want  of  as  Epi- 
tome which,  within  the  compass  of  a  single  small  volume,  should  contain  me 
information  requisite  to  elucidate  the  Greek  and  Roman  authors  most  com- 
monly read  in  our  aohools.  The  aim  of  the  author  has  been  to  embody  in  it 
such  details  as  are  important  or  necessary  for  the  junior  student,  in  a  form  and 
apace  capable  of  renderinff  them  easily  mastered  and  retained,  and  he  has  con- 
sequently not  incumbered  it  with  a  mass  of  learning  which,  though  highly 
valuable  to  the  advanced  student,  is  merely  perplexing  to  the  beginner.  In  the 
amount  of  information  presented,  and  the  manner  in  which  it  is  conveyed,  as 
well  as  its  convenient  sixe  and  exceedingly  low  price,  it  is  therefore  admirably 
adapted  for  the  younger  classes  of  our  numerous  classical  schools. 

From  Mr.  B.  F.  SlMW,  Frtdmchiburg^  To.,  July  30, 18S8. 
The  Classical  Msnual  I  have  perused  vrith  delight,  and  shall  at  onoe  introduce  it  inla 
my  school.    It  is  a  book  that  has  ionr  been  needed,  and  1  know  of  vaatt  where  so  bmmJi 
varied  matter  can  be  found  in  so  small  a  space. 

From  Mr,  C.  Hammondy  3fofuon,  3faM.,  Aug.  6, 1652. 
I  shall  introdnc  e  it  into  my  school  at  once.    It  is  just  what  we  have  needed  for  a  lei^ 
long  time. 

From  Pn^.  TrimhUy  Kmyon  CeU$g»j  O.,  Aug.  90, 186B. 
It  roust  recoromend  itself  to  the  teachers  in  all  the  classical  institutions  within  the 
Union,  not  only  on  account  of  its  cheapness,  but  also  for  its  excellent  arrangement ;  and 
it  will  be  a  tine  gua  non  compendious  class>book  for  every  student  wishmg  to  enter 
our  colleges. 

From  Mr.  J.  H.  Nourte,  Wtukingtont  Aug.  17, 18G9. 
I  shall  require  every  classical  smdent  to  possess  a  oopy  of  "Baird's  Bfanual." 

From  Mr,  W.  W.  Clarht,  Qouttmottr  Wu.  Smi.,  N.  Y.,  Aag.  17, 186i. 
I  admire  it  very  much  for  the  large  amount  of  classical  information  so  concisely  and 
clearly  set  forth.    It  is  Just  the  thing  for  smdenu  in  theii  early  studies,  and  has  lo^g  baea 
a  desideratum. 

From  Mr.  W.  8.  Bogart,  TaOakatsm,  Fl,  Aug.  7, 18SS. 
It  contains  a  vast  amount  of  geographical  and  elassieal  information  in  a  most  eoneisa 
compass,  which  adapts  it  equally  to  the  pupil  and  the  advanced  student  who  wishes  la 
review  his  classical  knowledge. 
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SCHOEDLER  &  IEDLOCK'8  BOOK  OF  NATURE. 
THE  BOOK  OF  NATURE; 

AN  ELEMENTARY  INTRODUCTION 

TO  THK  8CIUrCE8  OF 

PHYSICS.  ASTRONOMY.  CHEMISTRY,  MINERALOGY.  GEOLOGY.  BOTANY. 
PHYSIOLOGY.  AND  ZOOLOGY. 

BY  FREDERICK  SCHOEDLER,  Ph.D. 

TRANSLATED  KROM   THI  SIXTH  GKRMAN  BDITION, 

BY  HENRY  MEDLOCK,  F.  C.  S.,  &c. 

DVitlk  Votes  and  Addltloms  bj-  ib«  Anterlean  Editor* 

In  one  large  crown  ocUto  Tolome,  with  over  fix  hundred  handsome  Ulastrations. 


A  HISTORY  OF  GREEK  CLASSICAL  LITERATURE. 

BY  THE  REV.  R.  W.  BROWNE,  M.  A., 

PiofeMor  of  ClaMical  Literature  in  King's  College,  London. 

In  one  very  neat  Tolnme,  crown  8vo.,  extra  cloth. 

To  be  shortly  followed  by  a  similar  Tolume  on  Roman  Literature. 

From  Prqf.  J.  A.  Spenar,  New  Yorkj  March  19, 1859. 
It  is  an  admirable  yolume,  Bufficiently  full  and  copious  in  detail,  clear  and  precise  in 
style,  very  scholar*Iike  in  its  execution^  gonial  in  its  criiicism,  and  altogether  display- 
ing a  mind  well  stored  with  the  learning,  genius,  wisdom,  and  exquisite  taste  of  the 
ancient  Greeks.  It  is  in  advance  of  everything  we  have,  and  it  may  be  considered 
indispensable  to  the  classical  scholar  and  student. 

From  Frqf,  N,  H.  GrUfln^WiUiamt  ColUgi,  Mau^  March  33, 1860. 
ble  compend,  embracing  in  a  small  con 
have  to  go  over  much  ground  to  g^uher  for  himaeli 


A  valuable  compend,  embiacing  in  a  small  compass  matter  which  the  student  wonld 


From  Prqf.  M.  F.  Hyde^  Burlington  ColUge,  N.  /.,  Feb.  10, 1858. 
This  book  meets  a  want  that  has  long  been  felt  of  some  single  work  on  the  subject 
presenting  to  the  student  and  general  rMder,  in  a  popular  form,  information  widely  dis- 
oersed  through  a  great  variety  of  publications,  and  nowhere  combined  into  one  whole. 
Mr.  Browne's  selection  of  materials  is  jndicioosly  made,  and  presented  in  a  perspicu- 
ous, elegant,  and  agreeable  manner. 

From  Prqf.  Oettntr  Harrison^  Unio«r$iiy  qf  7a.,  Feb.  88, 18G3. 

I  am  very  favorably  impressed  with  the  work  from  what  I  have  seen  of  it,  and  hope 

to  find  in  it  an  important  help  for  my  class  of  history.    Such  a  work  is  very  much  needed. 


QEOQRAPHIA   CLA88ICA  : 

OR,  THE  APPLICATION  OP  ANCIENT  GEOGRAPHY  TO  THE  CLASSICS. 
By  Sawtvl  Butlbb,  D.  D.,  late  Lord  Bishop  of  Litchfield.  Revised  by  his  Son.  Sixth 
American,  from  the  last  London  Edition,  with  Questions  on  the  Maps,  by  Jom  FnofT, 
LL.  D.    In  one  neat  volume,  royal  18mo.,  half  bound. 


AN   ATLAS  OF  ANCIENT   GEOGRAPHY. 

r  Samitke.  BirrLXR,  D.  D.,  late  Lord  Bishop  of  Litchfield.    In  one  octavo  volume,  halt 
t>ound,  containing  twenty-one  qnarto  eolorod  Maps,  and  an  aooentnated  Index. 
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NEW  Ain>  IMPROVED  EDITION— (Now  Ready.) 

OUTLINES  OF  ENGLISH  LITERATURE. 

BY  THOMAS  B.  SHAW, 

ProfeMor  of  English  Liieraiare  in  the  Imperial  Alexander  Lyceam,  Sl  Petersburg. 

8EC0FD   AHERICAF   EDITIOir. 

WITH  A  SKETCH  OF  AMERICAN  LITERATURE. 

BY  HENRY  T.  TUCKERMAN, 
Author  of  ^  Charaoterisiios  of  Literature/' ''  The  Optimist,''  &c. 

In  one  large  and  handsome  volume^  royal  12mo.,  extra  cloth,  of  aboat  500  pages. 

The  object  of  this  work  is  to  present  to  the  student  a  history  of  the  progress 
of  English  Literature.  To  accomplish  this,  the  author  has  followed  its  course 
from  the  earliest  times  to  the  present  age,  seizing  upon  the  more  prominent 
«  Schools  of  Writing,"  tracing  their  causes  and  effects,  and  selecting  the  more 
celebrated  authors  as  subjects  for  brief  biographical  and  critical  sketches,  ana- 
lyxing  their  best  works,  and  thus  presenting  to  the  student  a  definite  view  of  the 
development  of  the  language  and  literature,  with  succinct  descriptions  of  those 
books  and  men  of  which  no  educated  person  should  be  ignorant.  He  has  thus 
not  only  supplied  the  acknowledged  want  of  a  manual  on  this  subject,  but  by 
the  liveliness  and  power  of  his  style,  the  thorough  knowledge  be  displays  of  bis 
topic,  and  the  variety  of  his  subjects,  he  has  succeeded  in  producing  a  most 
agreeable  reading-book,  which  will  captivate  the  mind  of  the  scholar,  and  re- 
lieve the  monotony  of  drier  studies. 

This  work  having  attracted  much  attention,  and  been  introduced  into  a  large 
number  of  our  best  academies  and  colleges,  the  publishers,  in  answering  the  call 
for  a  new  edition,  have  endeavored  to  render  it  still  more  appropriate  for  the 
student  of  this  country,  by  adding  to  it  a  sketch  of  American  literature.  This 
has  been  prepared  by  Mr.  Tuckerman,  on  the  plan  adopted  by  Mr.  Shaw,  and 
the  volume  is  again  presented  with  full  confidence  that  it  will  be  found  of  great 
utility  as  a  text-book,  wherever  this  subject  forms  part  of  the  educational  course; 
or  as  an  introduction  to  a  systematic  plan  of  reading. 

From  Prqf.  R.  P.  Duntiy  Brown  University ^  April  22, 1859. 
T  had  already  deierroined  to  adopt  it  as  the  principal  book  of  reference  in  mv  depart- 
ment.   This  is  the  first  term  in  which  it  has  been  used  here ;  but  from  the  trial  which  I 
have  now  araade  of  it,  I  have  every  reason  to  congratulate  myself  on  my  selection  of  ii 
as  a  text-book. 

From  1h€  Rn.  W.  G.  T.  Shtdd^  Professor  ^  English  Literature  in  the  University  of  ^^ 
I  take  great  pleasure  in  saying  that  it  supplies  a  went  that  has  long  existed  of  a  brief 
history  oi  English  literature,  written  in  the  right  method  and  spirit,  %o  serve  as  an  iatro- 
ducuon  to  the  critical  study  of  it.    I  shall  recommend  the  book  to  my  classes. 

From  James  Shannon,  President  qf  Bacon  Cottege^  Ky. 
I  have  read  about  one-half  of  "  Shaw's  Outlines,'*  and  so  fkr  I  am  more  than  pleased 
with  the  work.  I  concur  with  you  fully  in  the  opinion  that  it  supplies  a  want  long  felt 
in  our  higher  educational  institutes  of  a  critical  history  of  English  literature,  oct^upying 
a  reasonable  space,  and  written  in  a  manner  to  interest  and  attract  the  attention  of  the 
student.    I  sincerely  desire  that  it  may  obtain,  as  it  deserves,  an  extensive  circulation. 


HANDBOOK  OF  nODERN  EUROPEAN  UTERATURE. 

British,  Danish,  Dutch,  French,  German,  Hungarian,  lulian,  Polish  and  Rus- 
sian, Portuguese,  Spanish,  and  Swedish.  With  a  full  Biographical  and 
Chronological  Index.  By  Mrs.  Foster.  In  one  large  royal  t2mo.  yolume, 
extra  cloth.    Uniform  with  «  Shaw's  Outlines  of  English  Literature." 
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This  book   should   be  reti: 
the  Library  on  or  before  the 
stamped  below. 

A  ^ne  of  flve  cents  a  day  is 
by  retaimng   it    beyond  the    si 
time. 

Please  return  promptly- 
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